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Agriculture  &  Food 

71 9  Color  TV  Best  for  Robot  Fruit  Pickers 

720  Slit-Tillage 

Computers 

721  Software  Costs  Reduced 

722  Real-Time  'Garbage  Collection'  forLlist  Processing  — 
Two  proposed  techniques  could  reduce  the  memory 
requirements  in  list  processors.  (Licensing  Opportu- 
nity) 

723  Transportable  Instructional  Support  System 

Software 

724  The  Integrated  Reliability  and  Risk  Analysis  System 
(IRRAS-PC) 

725  User  Friendly  IBM  PC  Computer  Programs  for  Solving 
Sampling  and  Statistical  Problems  —  Software  may 
be  used  to  obtain  the  benefits  of  a  statistical  package 
without  an  in-depth  understanding  of  the  statistics 
employed 

Electrotechnology 

726  Electronic  Equipment  Environmental  Stress  Screen- 
ing —  A  guide  book  provides  technologies  for 
planning  and  evaluating  ESS  programs. 

727  Basic  and  Applied  Research  in  Electronics  and 
Communications  —  Twenty-eight  projects  are 
described. 

728  Phase-Center  Extension  for  a  Microwave  Feed  Horn 

—  A  corrugated  cylindrical  tube  relocates  the  phase 
center  of  a  Cassegrain  antenna  feed. 

729  Sliding  Capacitive  Displacement  Transducer  —  A 
simple  circuit  replaces  a  bridge  circuit.  (Licensing 
Opportunity) 

730  Calculating  Effects  of  Reflector-Antenna  Distortions 

—  Changes  in  radiation  patterns  are  predicted  from 
surface-displacement  measurements. 

731  Electronic  Power  Switch  for  Fault-Tolerant  Networks 

—  Power  field-effect  transistors  reduce  energy  waste 
and  simplify  interconnections.  (Licensing  Opportunity) 

732  Controller  for  Fast-Acting  Furnaces  —  Circuit  slows 
the  responses  of  certain  furnace  types. 

Testing  &  Instrumentation 

733  Electrical  Circuit  Characterization  and  Diagnostic 
(ECCAD)  System 

734  Large  Area  Detector  Portal/Personnel  Monitor 

735  Power  in  Short  Radar  Pulses  Now  Can  Be  Measured 
Directly 

736  Survey  of  Triaxial  and  Mode-Stirred  Techniques  for 
Measuring  the  Shielding  Effectiveness  of  Connectors 
and  Cables 

Other  items  of  Interest 

71 9       Color  TV  Best  for  Robot  Fruit  Pickers 
801        Multi-Mode  Computer  Interface  for  Data  Acquisition 
for  Nuclear  Medicine  Imaging  Devices 


Energy 

737  Evaluating  HVAC  Performance  in  'Smart'  Buildings 

738  Effects  of  Life  Style  on  Residential  Energy  Use 

739  Cost  Effectiveness  of  Retrofit  Actions  in  Apartment 
Buildings 

740  Heat-Exchanger/Heat-Pipe  Interface  —  A  monolithic 
assembly  would  be  reliable  and  light  in  weight. 

741  Negative-Electrode  Catalysts  for  Fe/Cr  Redox  Cells  — 
Electrodes  perform  more  consistently  and  are  less 
expensive.  (Licensing  Opportunity) 

Other  items  of  Interest 

749       Braking  System  for  Wind  Turbines  —  An  operating 

turbine  would  be  stopped  smoothly  by  a  fail-safe 

mechanism.  (Licensing  Opportunity) 

Engineering 

742  General  Rotorcraft  Aeromechanical  Stability  Program 
(Grasp)  —  A  modern  approach  to  Rotorcraft  Moc 

743  Standing  Seam  Metal  Roofing 

744  Self-Cleaning  Air  Filter  for  Diesels  —  Conceptual  unit 
would  agglomerate  dust  into  larger  particles  for 
efficient  removal. 

745  Removal  of  Hydrofluoric  Acid  from  Gas  Streams  by 
Solid  Sorbents 

746  Desulfurizing  Coal  With  an  Alkali  Treatment  —  A 
simplified,  fluidized-bed  process  removes  most  of  the 
sulfur. 

747  Array  of  Shaped  Heat  Pipes  —  Heat  would  be 
distributed  evenly  over  a  cone. 

748  Reducing  Fatigue  in  a  Rotary  Flowmeter  —  Vanes  are 
repositioned  to  reduce  cyclic  buffeting  of  rotor  blades. 

749  Braking  System  for  Wind  Turbines  —  An  operating 
turbine  would  be  stopped  smoothly  by  a  fail-safe 
mechanism.  (Licensing  Opportunity) 

750  Vibration-Resistant  Support  for  Halide  Lamps  —  The 
lamp  envelope  is  protected  against  breakage. 

751  Improved  Stud  Designs  for  Wood/Metal  Joints  — 
Load-transfer  capacities  and  resistances  to  fatigue  are 
increased. 

Software 

752  Computing  Jet-Exhaust/Crossflow  Interactions  — 
Outputs  include  velocity  and  pressure  fields,  forces, 
and  moments. 

753  Calculating  Sonic-Boom  Propagation  —  Nonl.near 
effects  are  included,  enabling  more-realistic  modeling 

Testing  &  Instrumentation 

754  Helium  Permeation  Leak  Test  Service 

755  Using  An  Anemometer  to  Measure  Gas  Flow  from 
Pipe  Outlets 

756  Portable,  Controlled-Load-Rate  Tension  Tester  — 
Damaging  mechanical  shocks  are  suppressed. 
(Licensing  Opportunity) 

Other  items  of  Interest 

737        Evaluating  HVAC  Performance  in  Smart*  Buildings 
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Engineering  (Cent.) 

805  Molded  Concrete  Center  Mine  Wall  —  An  extruded 
structure  would  provide  ventilation  and  roof  support. 

Environmental  Science  &  Technology 

757  Technical  Guidance  Document  Construction  Quality 
Assurance  for  Hazardous  Waste  Land  Disposal 
Facilities 

758  Biological  Degradation  of  Phenolic  Wastes 

759  Legislative  Database:  Transportation  of  Radioactive 
Materials 

760  Dust  Controls  for  Wood  Shapers 
Software 

761  Computer  Codes  to  Estimate  Effective  Ground 
Surface  Concentrations  for  Dose  Computations 

Other  items  of  Interest 

780       Coal  Fly  Ash  Standards  Standard  Reference  Materi- 
als 

Manufacturing,  Machinery,  &  Tools 

762  Quality-Productivity  Improvement  for  Repair  Proc- 
esses 

763  Predicting  Reliability  of  Mechanical  Components  — 
Predictions  take  into  account  the  kinds  of  use  and 
environments  to  which  components  are  exposed. 

764  Drilling  System  Automatically  Drill  Fastener  Holes  in 
Aircraft  Wings 

765  Robot  Must  Change  Tools  at  Automated  Machining 
Center 

766  Changes  in  Blade  Configuration  Improve  Turbopump 

—  Cavitation  is  reduced  while  suction  is  increased. 

767  Active-Control  Bearings  for  Rotor  Shafts  —  Vibrations 
are  suppressed  by  feedback  control 

768  Mechanized  Polishing  of  Optical  Rod  and  Fiber  Ends 

—  With  a  new  mounting  fixture,  the  job  can  be  done 
by  a  standard  machine  instead  of  by  hand. 

769  Quick-Changs  Anode  for  Plating  — -  Removal  and 
replacement  would  be  faster. 

770  Preventing  Oxidation  Near  Gas/Tungsten-Arc  Welds 

—  Auxiliary  argon  jets  create  a  more  nearly  complete 
nonoxidizing  atmosphere. 

771  Spring-Loaded  Inscribing  Too!  —  Wavy  surfaces  can 
be  marked. 

Testing  &  Instrumentation 

772  In  Process  Measurement  of  Hydrogen  in  Welding 

773  Measuring  Leakage  From  Large,  Complicated 
Machinery  —  A  test  chamber  is  improvised  from  a 
large  bag. 

774  Noncontacting  Measurement  of  Shaft  Angle  —  A 
fiber-optic  transducer  offers  several  advantages  over 
mechanical  linkages. 

Materials 

775  Making  Fabric  More  Colorful  (Licensing  Opportunity) 

776  J  —  R  Curves  from  Charpy  Samples  and  Standard 
Samples  —  Crack-extension  data  from  the  simpler, 
Charpy  method  are  adequate  for  quality  control. 


777  Controlling  Surfactant  Structure  —  Strategies  for 
control  involve  the  choice  of  surfactant  material  and 
the  adjustment  of  concentrations. 

778  Advanced  Austenitic  Alloys  in  Steam  Service 

779  Characterization  of  Rapidly  Solidified  Type  304 
Stainless  Steel  Powder 

780  Coal  Fly  Ash  Standards  Standard  Reference  Materi- 
als 

781  Polyester  Film  May  Make  Window  Glass  Earthquake 
Safe 

782  Transparent  Analogs  for  Alloy  Phase  Studies  — 
Experiments  are  safer,  easier,  and  cheaper  than  they 
are  with  metals. 

783  High-Strength  Glass  for  Solar  Applications  — 
Technology  for  strengthening  thin  sections  is  re- 
viewed. 

784  Flexural  Properties  of  Aramid-Reinforced  Pultrusions 

—  Four  resin  systems  show  improved  properties  after 
postcuring. 

785  Progress  Toward  Monolithic  Peritectic  Solidification  — 
Reducing  convection  during  plane-front,  two-phase 

,     peritectic  solidification  reduces  banding. 

786  Mobl®  Metals  Would  Prevent  Hydrogen  Embrittlement 

—  Hydrogen  in  solid  solution  is  immobilized  at 
palladium  or  platinum  sites. 

787  Semi-Interpenetrating  Polymer  Networks  —  Desirable 
qualities  are  achieved  by  'networking'  aromatic  and 
addition  polyimides.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

788  A  Compendium  of  Nondestructive  Testing  Procedures 

—  Methods  from  acoustic  ©mission  to  ultrasonic 
inspection  are  discussed. 

789  Photothermal  Imaging  of  Defects  in  Metals  and 
Ceramics 

790  Vibrothermography  — -  Investigation,  development, 
and  application  of  a  new  nondestructive  evaluation 
technique. 

791  Voluntary  Labratory  Accreditation  Program  for 
Construction  Testing  Services  —  The  program 
automatically  assures  accredited  laboratories  of 
mutual  recognition  of  their  data  by  foreign  organiza- 
tions 

792  Scanning  Photoacoustic  Microscopy  —  A  thermal 
imaging  technique  can  reveal  flaws  in  materials 
ranging  from  rubber  to  ceramics. 


793  Aging  Cell  Cultures  Available 

794  Biophysical  and  Physiological  Integration  of  Proper 
Clothing  for  Exercise  —  A  review  looks  at  the 
advances  in  clothing  properties 

795  Palladium-1 09  Labeled  Lymphocytes  —  A  new  agent 
for  Lymphoid  Ablation  Therapy  (Licensing  Opportu- 
nity) 

796  Mechanism  and  Characterization  Discovered  for  the 
Inducement  of  a  Unique  Interferon  (IFN) 

797  Insulin  Pump  Controls  Diabetes  during  Pregnancy  as 
Well  as  Precisely  Timed  Injections 

798  Electromagnetic  Energy  Treats  Hypothermia 
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799 
800 
801 

802 


Medicine  &  Biology  (Cont.) 

Testing  &  Instrumentation 

Ocular  Radioactivity  Monitor  (Licensing  Opportunity) 
Automated  Breathing  and  Metabolic  Simulator 
Multi-Mode  Computer  Interface  for  Data  Acquisition 
for  Nuclear  Medicine  Imaging  Devices 
Measurement  of  Human  Blood  and  Plasma  Volumes 
—  The  use  of  radioiodine  can  be  avoided.  (Licensing 
Opportunity) 

Other  items  of  Interest 

761       Computer  Codes  to  Estimate  Effective  Ground 
Surface  Concentrations  for  Dose  Computations 

Natural  Resources  Technology  &  Engi- 
neering 

Fracture  Dewatering  to  Reduce  Underground  Mine 


803 


Flow 


804  Prediction  of  Soil  and  Water  Acidification 

805  Molded  Concrete  Center  Mine  Wall  —  An  extruded 
structure  would  provide  ventilation  and  roof  support. 

Software 

806  Planning  Orbiter  Flights  —  Maps  and  ephemeris  data 
are  generated. 

807  Spacecraft  Anomaly  Data  and  Software 

Physical  Sciences 

808  Reliable  and  Intense  Polarized  Ion  Source  for  Particle 
Accelerators 

809  Vapor  Tagging  with  Perfluorinated  Compounds 
(Licensing  Opportunity) 

81 0  Removal  of  Mercury  from  Water 

81 1  Chemical  Kinetics  Data  for  Combustion  Chemistry 

812  Fundamental  Contants  Recommended  Values 

813  Computerized  Database  on  Pure  Chemical  Com- 
pounds 

814  Parallel  Algorithm  Solves  Coupled  Differential 
Equations  —  Numerical  methods  are  adapted  to 
concurrent  processing. 


Software 

817  Computer  Simulation  of  Ablator  Charring  —  Pyofysi* 
effects  in  spacecraft  re-entry  shielding  are  calculated. 

Testing  &  Instrumentation 

815  In-Vacuum  Dissociator  for  Atomic-Hydrogen  Ma<.  - 

—  Thermal  control  and  vaccum  sealing  is  achieved 
while  contamination  is  avoided.  (Licensing  Opportu- 
nity) 

816  Two-Range  Electrical  Thermometer  —  A  the 
couple  and  a  resistance  thermometer  expand  the 
thermometer  scale.  (Licensing  Opportunity) 

818  Non-Intrusive  Measurement  of  D20/H20  ' 
Percent  of  Heavy  Water  in  Drums 

819  Technique  for  Detecting  Gaseous  Imp 

820  Fast  Neutrons  Detected  in  a  Direct  One-Step  Process 
with  New  Device 

821  Pressure  Transducer  Temperature  Compensation 
Technique 

822  Water-Cooled  Optical  Thermometer  —  High  tempera- 
tures are  measured  without  contact. 

Other  items  of  Interest 

732       Controller  for  Fast-Acting  Furnaces  —  Circuit  slows 
the  responses  of  certain  furnace  types. 

787       Semi-Interpenetrating  Polymer  Networks  —  Desirable 
qualities  are  achieved  by  'networking'  aromatic  and 
addition  polyimides.  (Licensing  Opportunity) 

Transportation 

823  Touch-Based  Display  for  Helicopter  Pilots  —  The 
system  proves  its  worth  in  flight. 

824  Multifunction  Sidearm  Flight  Controller  for  Helicopters 

—  Comfortable  controller  positions  are  evaluated  for  a 
variety  of  people. 

825  Easy-to-lnstall  Link  for  Track  Treads  —  Proposed  Bnk 
would  save  assembly  and  maintenance  time.  (Licens- 
ing Opportunity) 


Agriculture  &  Food 

71 9  Color  TV  Best  for  Robot  Fruit  Pickers 

720  Slit-Tillage 


Digitized  by  the  Internet  Archive 

in  2013 


http://archive.org/details/technxxxxxxOOcent 
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Color  TV  Best  for  Robot  Fruit  Pickers 


Above:  At  the  University  of  Florida's 
Agricultural  Robotics  Lab,  ARS  engineer 
David  Slaughter  watches  video  monitors 
during  a  laboratory  test  of  the  I'ruil-pieking 
robot.  Under  computer  control,  the 
robot's  arm  reaches  lor  a  plastic  orange 
on  an  imitation  tree 


Ever  reach  for  a  fluffy  cloud  be- 
cause you  thought  it  was  a  juicy 
orange? 

Probably  not— unless  you  happen  to 
be  a  robot  that  sees  only  in  black  and 
white  and  you're  in  control  of  a  fully 
automated  harvester  making  its  way 
along  a  row  of  orange  trees. 

"In  that  case,"  says  David  C. 
Slaughter,  an  engineer  with  USDA's 
Agricultural  Research  Service,  "a  small 
cloud  might  very  well  appear  the  same 
as  an  orange,  especially  if  the  orange 
were  in  direct  sunlight,  because  the  two 
of  them  would  be  equally  bright  in  the 
eye  of  the  robot  harvester." 

Color  television,  according  to 
Slaughter,  will  solve  the  problem. 

Slaughter  has  been  investigating 
ways  in  which  "machine  vision"  (the 
term  for  TV-like  image-recognition 
capabilities  in  automated  machinery) 
could  be  used  by  fully  automated  fruit 
harvesters. 

Although  such  harvesters  have  yet 
to  be  built,  they  are  on  the  drawing 
boards,  and  Slaughter  has  misgivings 
about  plans  to  equip  them  with  black- 
and-white  imaging  systems. 

"Black-and-white  systems  can 
measure  the  size,  shape,  or  brightness 
of  an  object,"  he  says,  "but  that's  not 
going  to  help  the  automated  harvesting 
of  fruit,  no  matter  how  accurate  the 
measurements  are." 

Identifying  an  orange  by  its  size  or 
shape  requires  constant  analysis  and 
comparison  of  images,  explain;.  Slaugh- 
ter. Even  with  high-speed  computers  on 
board,  it's  too  long  a  process.  To  be 
profitable,  an  automated  harvester  has 
v  to  move  rapidlv . 

(j         What  about  image  brightness ' 
5         Slaughter  agrees  that  hlack-and- 
|  white  measurements  of  brightness  do 
*"  provide,  in  theory .  a  way  to  rapidly 
distinguish  fruit  from  surrounding 
branches  and  leaves 

'But  that's  in  theory  only."  he 
says.  "In  real  orchards,  sunlight  and 
shadow  can  cause  a  lot  of  confusion 
An  orange  in  sunlight  can  read  the 
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same  as  a  cloud,  and  an  orange  in  the 
shade  can  appear  as  dull  as  a  leaf  in 
the  sun." 

Color  television,  on  the  other  hand, 
can  give  quick  and  accurate  readings 
that  in  no  way  depend  on  size,  shape, 
or  brightness.  In  fact,  color  is  the  only 
thing  that  matters. 

"Our  tests  show  that  the  color  of 
an  orange  is  enough  for  a  harvester  to 
go  on,"  says  Slaughter.  "No  other 
criteria  are  needed.  The  machine  can 
readily  recognize  the  right  color  and 
pick  accordingly." 

Working  with  engineers  at  the 
University  of  Florida's  Agricultural  Ro- 
botics Laboratory,  Slaughter  attached  a 
color  video  camera  to  a  mechanical 
arm  like  the  kind  being  planned  for  ro- 
botic harvesters.  The  arm's  movement 
was  controlled  by  a  computer 
programmed  to  locate  orange  colors 
amid  images  transmitted  by  the  camera. 
A  plastic  tree,  complete  with  plastic 
leaves  and  oranges,  served  as  a  test 
subject.  v 

"Time  after  time,"  says  Slaughter, 
"the  color  vision  setup  steered  the  arm 
past  branches  and  leaves  and  right  up 
to  the  fruit." 

Of  course,  plastic  targets  are  hard- 
ly the  same  as  real  trees  and  oranges 
that  might  have  substantial  variations  in 
color.  With  that  in  mind,  the  engineers 
took  the  camera  used  on  the  robotic 
arm  out  to  a  nearby  orchard  and  made 
video  tapes  of  the  fruit  and  foliage 
from  the  same  positions  the  arm  would 
be  in. 

"Back  at  the  lab,"  says  Slaughter, 
"our  computer  was  able  to  scan  the 
pictures  from  the  orchard  and  pick  out 
oranges  every  bit  as  well  as  it  did  with 
the  plastic  tree.  But  we  still  plan  to  test 
the  whole  thing,  arm  and  all,  in  real 
orchards  this  winter." 

Slaughter  and  his  colleagues  use  a 
video  camera  with  a  charged-coupled 
imaging  device  (CCD),  a  thin  squaic  of 
optically  sensitive  material  about  the 


size  of  a  postage  stamp.  It  converts 
light  into  electrical  charges  correspond- 
ing to  a  picture.  It  is  used  in  place  of 
bulky  photo  tubes  in  many  home  video 
cameras,  especially  the  smaller  ones, 
and  is  essential  to  the  effectiveness  of  a 
robotic  fruit  harvester. 

"A  CCD  won't  be  ruined  as  would 
a  regular  photo  tube  if  the  camera 
should  face  into  the  sun,"  says 
Slaughter. 

There  is  one  drawback  to  CCD's: 
Cameras  using  them  need  more  light. 

"That  is  a  problem,"  acknowl- 
edges Slaughter,  "but  we  don't  expect 
it  to  last  forever.  Right  now,  our  color 
vision  system  won't  work  well  in  low 
light,  as  at  early  dawn  or  dusk.  But 
CCD  technology  is  improving  and 
camera  lenses  are  getting  faster.  We're 
also  considering  the  use  of  artificial 
light." 

At  present,  the  robotic  system  will 
operate  only  within  a  range  of  colors 
associated  with  harvest-ready  oranges. 
Programming  it  to  select  other 
colors— which  would  mean  other  kinds 
of  fruit— is  no  problem,  according  to 
Slaughter,  provided  the  color  isn't  leaf 
green. 

"Lemons  we  can  find,"  he  says, 
"limes  we  cannot." 

David  C.  Slaughter  is  in  the 
USDA-ARS  Insect  Attractants,  Be- 
havior, and  Basic  Biology  Research 
Laboratory,  P.O.  Box  14565,  Gaines- 
ville, FL  32604. 

(904)  374-5717 


United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Slit-Tillage 


"Slit-tillage"  is  a  tillage  method  being  studied  and  developed 
cooperatively  by  the  Soil-Plant  Interactions  Research  Unit,  National 
Soil  Dynamics  Laboratory,  USDA-ARS ,  and  the  Alabama  Agricultural 
Experiment  Station  at  Auburn  University,  Alabama.  Project  leader  for 
this  work  is  USDA  Soil  Scientist,  Charles  B.  Elkins. 

In  slit  tillage,  a  narrow  vertical  slit  is  cut  through  the  plow  pan 
directly  beneath  each  row  at  planting.  The  function  of  the  slit  is  to 
eliminate  low  soil  oxygen  and  soil  strength  as  factors  that  restrict 
root  growth  through  plow  pans.  Basically,  the  slits  perform  as 
macropores  in  the  soil.  Subsoiler  points  on  a  subsoiler-planter  have 
been  modified  for  slit-tillage  by  shortening  the  subsoiler  shank  and 
attaching  a  blade  beneath  (Fig.  1).  Tillage  obtained  and  root 
response  are  illustrated  in  Fig.  2. 

Slit-tillage  has  produced  soybean  yields  on  plow  pan  soils  equal  to  or 
higher  than  chiseling  under  the  row  at  planting,  and  higher  than  no- 
till  and  conventional  tillage.  Beneficial  effects  of  slit-tillage 
carry  over  to  future  growing  seasons  whereas  the  effect  of  chiseling 
and  subsoiling  on  high  compactible  soils  is  relatively  short-lived. 
Draft  forces  for  slitting  compacted  soils  have  been  determined  to  be 
12  to  43%  less  than  chiseling  a  soil  to  the  same  depth. 

Since  commercial  implements  are  not  available,  slit-tillage  is  recom- 
mended only  to  researchers,  innovative  farmers,  or  implement  designers 
wishing  to  construct  their  own  equipment  for  experimental  use.  Blades 
for  cutting  the  slits  should  be  made  from  stock  no  thicker  than  3/16 
in  (4.8  ram).  Blades  from  stock  as  thin  as  5/32  in  (4.0  mm)  or  even 
1/8  in  (3.2  mm)  produce  more  desirable  slits,  depending  on  soil  type. 
We  have  used  rolling  coulters  5/32  in  thick  as  a  source  of  material 
for  making  the  blades.  Cost  could  probably  be  reduced  by  making  the 
blades  from  a  suitable  steel  stock.  Shape  of  the  blade  is  critical; 
criteria  given  should  be  followed.   The  end  result  should  be 

a  slit  established  through  the  plow  pan  narrow  enough  to  provide  good 
soil-to-root  contact.  Because  of  soil  elasticity  and  settling,  slits 
cut  with  blades  1/8  to  3/16  in  (3.2  to  4.8  mm)  thick  will  usually 
close  to  the  desired  width  of  about  1/32  in  (0.8  mm).  Slits  should  be 
cut  only  when  soil  water  content  is  high — about  the  same  as  for  mold- 
board  plowing.  Slits  do  not  form  well  in  dry  soil  and  dry  soil  dulls 
and  wears  out  the  blades  rapidly. 

FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact: 

Charles  B.  Elkins 

Soil  Scientist 

USDA-ARS,  Soil-Plant  Interactions  Research  Unit 

National  Soil  Dynamics  Lab 

230  Funchess  Hall 

Auburn  University,  AL  36849 

(205)  887-8596 
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Figure  1.   A  modified  subsoiler  shanlc  for  slitting  compacted  soil  layers 
(not  to  scale) . 


Figure  2.   Response  of  soybean  root  system  to  slit  cut  through  compacted 
soil  layer. 
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Software  Costs  Reduced 


The  software  cost  reduction  (SCR) 
project  at  NRL  solves  many  of  the  prob- 
lems associated  with  software  develop- 
ment. For  example,  programmers  often 
do  not  design  software  that  is  easy  to  test, 
maintain,  and  change.  Using  the  SCR 
approach,  however,  programmers  find 
these  factors  become  integral  pans  of  the 
development  process.  This  is  especially 
important  to  the  Navy  because  software 
maintenance  costs  are  even  higher  than 
development  costs. 

In  most  software  developments,  pro- 
grammers discover  what  is  to  be  built  is 
not  clearly  stated  before  they  start  writing 
programs.  Additionally,  software  parts 
typically  are  interdependent  because  the 
system  is  broken  down  arbitrarily. 
Therefore,  when  one  part  is  changed, 
many  other  parts  must  be  changed  also. 
In  addition,  documentation  might  not 
exist  or  might  be  of  poor  quality. 

The  SCR  methodology  provides  for 
the  establishment  and  documentation  of 
software  requirements.  Unless  the  pro- 
duct is  small  enough  to  be  produced  by 
a  single  programmer,  the  work  is  divided 
into  modules. 

A  module  is  a  software  work  assign- 
ment that  is  independent  from  other  work 
assignments.  Each  module  can  be 
changed  without  changing  the  others.  The 
module  independence  partially  solves  the 
program  portability  problem.  This  in- 
dependence, coupled  with  the  module  in- 


terface definitions  provided  by  the  SCR 
methodology,  allows  modules  to  be 
moved  easily  among  systems.  The  SCR 
methodology  also  provides  for  the  design 
and  documentation  of  the  module  struc- 
ture, module  interfaces,  and  the  module 
internal  structures. 

Project  managers  at  N'RL  believe  that 
the  application  of  the  SCR  approach  will 
decrease  what  is  called  the  "mythical 
man-month  effect."  which  holds  that 
adding  personnel  to  a  project  slows  the 
project  down  because  of  the  time  required 
for  the  new  people  to  learn  about  the  pro- 
ject. When  neu  programmers  join  a  pro- 
ject that  uses  the  SCR  system,  they  will 
not  have  to  depend  on  the  existing  staff 
to  leam  the  entire  system;  they  will  need 
only  to  leam  about  the  requirements  of 
the  module  assigned  to  them.  They  will 
also  have  up-to-date  and  well-organized 
documentation  available. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available 

from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
CodeE211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 

Refer  to  120204/TN 
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Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Licensing 
Opportunity 


Real-Time  "Garbage  Collection" 
for  List  Processing 

Two  proposed  techniques  could  reduce  the 
memory  requirements  in  list  processors. 


Two  proposed  algorithmic  techniques 
for  list  processing  enable  the  immediate 
identification  of  computer  memory  cells 
that  have  become  inactive  through  their 
disconnection  from  active  cells,  together 
with  the  addition  of  these  inactive  cells  to 
the  pool  of  reusable  cells.  These  two 
"garbage  collection"  techniques  can 
reduce  the  memory  requirements  of  list 
processors  or  increase  their  speed  or 
both.  With  both  techniques,  processing 
continuity  would  be  maintained,  enabling 
real-time  list  processing. 

Traditional  "garbage  collection" 
methods  generally  fall  into  two  cate- 
gories: The  first  category  includes  the 
marking  strategies,  sometimes  called 
classical  garbage  collection.  The  second 
category  includes  reference-count  stra- 
tegies. A  marking  strategy  involves  a  sep- 
arate memory-scanning  operation  that 
marks  all  currently  used  cells  and  then 
reclaims  the  unmarked  ones.  The  sim- 
plest versions  require  that  list  processing 
halt  while  this  takes  place;  this  is  unsuit- 
able for  applications  requiring  real-time 
response. 

In  the  reference-count  approach,  a 
counter  is  attached  to  each  cell  to  record 
the  number  of  references  to  that  cell. 
When  the  count  decreases  to  zero,  the 
cell  is  no  longer  in  use  and  can  be  re- 
claimed. Unfortunately,  because  refer- 


ence counters  must  be  large  enough  to 
accommodate  the  largest  number  of  ref- 
erences that  might  be  attempted,  the 
memory  required  is  increased  by  about 
50  percent.  Other  disadvantages  include 
the  overhead  of  incrementing  and  decre- 
menting the  counters  and  the  inability  to 
reclaim  cyclic  structures. 

The  two  newly  proposed  techniques 
are  modified  reference-count  strategies 
that  avoid  the  need  for  supplemental 
classical  garbage  collection.  In  the  first  of 
these  techniques,  arbitrarily  small  count- 
ers are  used;  when  a  reference  is  added 
that  would  make  a  given  counter  over- 
flow, a  copy  is  made  of  the  memory  cell, 
and  the  reference  is  made  to  the  copy. 

Because  this  process  can  be  straight- 
forwardly implemented  in  hardware,  it 
would  be  very  efficient.  All  "garbage" 
would  be  identified  and  added  back  to  the 
free-cell  list  upon  creation,  giving  per- 
formance far  superior  to  that  of  any  cur- 
rent technique.  This  method  would  incur 
a  small  penalty  (negligible  in  most  appli- 
cations) because  of  the  presence  of  extra 
copies  of  some  memory  cells.  Moreover, 
certain  list-splicing  and  cell-address  com- 
parison could  not  be  reliably  used  in  such 
a  system. 

This  latter  disadvantage  is  avoided  in 
tie  second  proposed  technique,  which 
would  allow  all  "garbage"  (except  cyclic 


structures)  to  be  collected  accurately 
without  copying  or  otherwise  changing 
the  form  of  the  list  so  that  the  list-splicing 
operations  could  be  used.  This  technique 
is  to  expand  dynamically  a  small  refer- 
ence counter  whenever  it  overflows.  A 
normal  cell  would  contain  a  small  refer- 
ence counter  and  two  pointers.  When  the 
reference  counter  overflows,  the  pointers 
are  moved  into  an  available  second  cell. 
The  room  made  in  the  first  cell  by  moving 
out  the  pointers  is  used  to  hold  the  ex- 
tended reference  counter  and  the  link  to 
the  second  cell. 

There  then  would  be  two  representa- 
tions of  a  cell:  one  with  a  small  reference 
counter,  and  one  with  a  large  one.  This 
method  would  require  that  the  internal 
logic  of  the  list  processor  be  able  to 
recognize  and  handle  the  two  alternative 
forms  of  cell  representation  in  a  trans- 
parent manner.  All  references  to  the  new 
"supercell"  would  be  to  the  first  cell  to 
preserve  compatibility  with  earlier  refer- 
ences to  the  unexpanded  cell. 

This  work  was  done  by  Robert  L 
Shuler,  Jr.,  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel.  Johnson  Space  Center 
Refer  to  MSC-20964 /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
Dean  C.  Glenn 
Mail  Code  EA4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Transportable  Instructional  Support  System 


DESCRIPTION 


The  Instructional  Support  System  (ISS)  1s  a  computer-based  training  system 
that  supports  both  Computer-Assisted  Instruction  (CAI)  and  Computer-Managed 
Instruction  (CMI).  The  ISS  is  transportable  across  a  wide  range  of  computer 
systems  from  large  scale  mainframes  down  to  32-bit  microcomputers.  The  ISS  is 
written  in  Ada,  a  standard  DoD  high-order  language  that  Is  designed  to 
minimize  hardware  dependence.  The  application  software  is  made  up  of  modular 
components  so  that  users  can  select  only  the  capabilities  required  to  support 
their  specific  requirements.  The  functional  requirements  of  the  ISS  were 
based  on  the  capabilities  of  the  Advanced  Instructional  System  (AIS).  The  AIS 
was  a  large  scale  computer-based  training  system  which  integrated  CAI  within 
the  context  of  CMI  and  provided  support  for  operational  training  and  a  test 
bed  for  training  Research  and  Development  (RAD).  In  addition  to  the  AIS 
capabilities,  an  analysis  of  major  DoD  training  systems  was  made  to  determine 
additional  capabilities  required  in  ISS.  This  conversion  resulted  in  nine 
basic  application  software  modules.  They  are  CAI  Authoring,  CAI  Presentation, 
Graphics,  Simulation  Authoring,  Simulation  Presentation,  CMI  Development,  CMI 
Operation,  Data  Analysis  and  Access/Security.  The  ISS  provides  a 
standardized,  transportable  software  package  for  support  of  computer-based 
training  throughout  the  DoD. 

STAGE  OF  DEVELOPMENT 

The  ISS  development  effort  was  successfully  completed  in  October  1985. 
Acceptance  testing  was  conducted  by  AFHRL/ID  and  SAC  personnel  and  an 
operational  test  and  evaluation  is  being  conducted  by  the  Stategic  Air  Command 
(SAC)  at  Dyess  AFB,  TX.  SAC  1s  using  the  ISS  to  develop  B-1B  Aircrew  Training 
using  a  Digital  Equipment  Corporation  VAX  11/780  computer.  The  ISS  is  also 
operational  on  a  VAX  11/785  at  Lowry  AFB,  CO,  where  it  is  being  used  to 
develop  CAI  authoring  editor  training.  In  addition  to  the  VAX  minicomputer 
Implementation,  an  analysis  of  microcomputers  was  conducted  to  select  small 
computers  capable  of  executing  ISS  software  modules.  An  M68000-based  Pacific 
Microcomputer  PM  200  was  selected  and  key  software  modules  were  successfully 
compiled  and  executed  on  the  system.  This  implementation  demonstrated  the 
transportability  of  the  ISS  and  the  feasibility  of  running  the  ISS  on  a 
microcomputer.  A  two  year  follow-on  task  assignment  effort  is  underway  to 
provide  product  enhancement,  technical  user  support  and  prepare  ISS  for 
transition  to  an  agency  to  manage,  maintain  and  distribute  the  software  and 
documentation. 


This  Information  was  prepared  under  the  sponsorship  of  the  U.S.  Government.   Neither  the  U.S.  Government 
nor  any  person  acting  on  behalf  of  the  U.S.  Government  assumes  any  liability  resulting  from  the  use  of  tn* 
Information  contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  right- 
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APPLICATION 

The  ISS  is  currently  being  demonstrated  in  the  Air  Force,  Department  of  Defense 
and  other  government  agencies.  The  system  is  implemented  on  VAX  11/780  &   11/785 
systems  and  a  Vax  8600  system.  SAC  is  using  ISS  to  develop  and  deliver 
instructional  materials  on  B-1B  aircrew  training  and  manage  and  assess  student 
progress.  Other  potential  application  areas  are  (a)  Air  Training  Command  (ATC), 
Electronic  Principles  Training  (Lowry  AFB,  CO),  (b)  Air  Force  Systems  Command 
(AFSC),  Advanced  On-the-Job  Training  System  Development  (Bergstrom  AFB  TX),  (c) 
SAC,  Microcomputer  Version  of  ISS  in  Support  of  the  B-1B  at  their  main  operating 
bases,  (d)  ATC,  Advanced  Training  Systems,  (e)  AFHRL/OT,  Generic  Part- task 
Trainer  Interfaced  with  CBT  system,  (f)  HQ  AF  Air  Staff-sponsored  "generic"  CBT 
system  to  be  used  AF-Wide  for  aircrew  training,  (g)  AFSC,  6575th  School  Sq. , 
systems  acquisition  training,  and  (h)  AFIT,  exportable  courses. 

PATENT  STATUS 

The  ISS  does  not  fall  in  any  of  the  statutory  classes  of  invention  and  therefore, 
cannot  be  patented. 

SOFTWARE  RIGHTS  (Copyright  Status) 

The  ISS  is  a  work  made  for  hire  under  a  Government  contract  which  vests  copyright 
ownership  in  McDonnell  Douglas  Astronautics  Corp  (MDAC)  and  grants  the  Government 
a  copyright  license  to  use,  duplicate,  or  disclose  the  ISS  in  whole  or  in  part, 
in  any  manner  and  for  any  purpose  whatsoever,  and  to  have  or  permit  others  to  do 
so. 

PUBLICATIONS 

Two  reports  concerning  the  ISS  are  available.  AFHRL-TR-85-53,  Instructional 
Support  System  (AD-A166-776),  and  AFHRL-TP-85-40,  Computer  Based  Training: 
Implementation  and  System  Evaluation  (AD-A1 64-283) ,  were  recently  published. 
Other  reports  concerning  ISS'  predecessor,  the  Advanced  Instructional  System,  are 
also  available.  A  detailed  account  of  early  AIS  development  is  presented  by 
Rockway,  M.  and  Yasutake,  J.,  Evolution  of  the  Air  Force  Advanced  Instructional 
System,  Journal  of  Educational  Technology  Systems,  Winter,  1974,  2(3),  217-219. 
The  results  of  the  Integrated  System  Test  of  the  AIS  is  reported  in  AFHRL  TR 
79-40  (AD-A081854) .  A  description  of  how  the  technology  of  the  system  is  being 
used  to  meet  a  wide  spectrum  of  other  training  and  performance  support  needs  is 
provided  in  AFHRL-TP-81-45  (AD-A117  144). 

ADDITIONAL  INFORMATION 

For  additional  information,  contact  either  Ms  Barbara  Eaton  or  Mr  Dick  Vigue, 
AFHRL/IDC,  Brooks  AFB  TX  78235-5601  (Phone:  Commercial  512-536-2187,  or  Autovon 
240-2187).  Plans  are  underway  to  submit  the  ISS  to  the  National  Technical 
Information  Service  (NTIS)  so  that  requestors  may  order  ISS  via  the  NTIS 
Directory  of  Computer  Software. 


Computer 
Software 
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The  Integrated  Reliability  and  Risk  Analysis  System 
(IRRAS-PC) 

A  personal  computer  (PC)  based  software  system  for  performing  fault 
tree  construction  and  analysis  for  Probabilistic  Risk  Analysis  (PRA). 
IRRAS  software  allows  systems  analysts  to  use  the  color  graphics 
capability  of  a  PC  to  view,  graphically  construct,  modify,  and  auto- 
matically generate  fault  tree  data  for  PRA.       IRRAS  allows  fault  tree 
PRA  to  be  used  in  the  decision  making  process  and  analysis  of  safety 
issues.     By  using  highly  optimized  reduction  algorithms  and  integrated 
color  graphics  on  a  PC,  IRRAS  gives  system  analysts  the  ability  to  ra- 
pidly construct  and  modify  complex  fault  tree  diagrams  with  less  risk 
of  error  and  at  a  lower  cost,  and  without  the  use  of  a  mainframe. 

This  program  has  application  to  any  industry  which  use  fault  trees  for 
analysis  of  risk,  reliability,  availability  or  maintainability  of  systems. 

FOR  ADDITIONAL  INFORMATION;     Contact: 

Dr.  Jane  M.  Welch 

Idaho  National  Engineering  Laboratory 

Manager,  ORTA 

P.O.  Box  1625 

Idaho  Falls,  ID 

(208)  526-8318 


NTIS  Tech  Notes   August  1987 


:*:« 


&EPA 


Computer 
Software 


User  Friendly  IBM  PC  Computer  Programs  for  Solving 
Sampling  and  Statistical  Problems 

Software  may  be  used  to  obtain  the  benefits  of  a  statistical  package 
without  an  in-depth  understanding  of  the  statistics  employed 


User  friendly  IBM  personal  computer  programs  were  developed  by  the  Environ- 
mental Monitoring  and  Support  Laboratory  in  Cincinnati,  Ohio  for  individuals 
engaged  in  assessing  statistical  techniques  and  the  quality  sampling  of  a  pro- 
gram. The  programs  may  be  used  to  obtain  the  benefits  of  the  statistical  package 
without  an  in-depth  understanding  of  the  statistics  employed.  Detailed  descrip- 
tions of  the  statistical  package  are  presented  in  the  Appendices  section  of  the  ac- 
companying report.  To  aid  those  designing  field  sampling  programs,  a  series  of 
questions  and  answers  are  also  listed  in  the  report,  together  with  the  names  of  the 
computer  programs  designed  to  answer  the  questions 

Software  Description:  The  program  is  written  in  the  BASIC  programming  lan- 
guage for  implementation  on  an  IBM-PC  compatible  microcomputer  and  DOS  op- 
erating system.  Memory  requirement  is  360K.  The  software  is  contained  on  5  1/4- 
inch  diskette,  double  sided,  double  density  compatible  with  the  IBM  PC  micro- 
computer. Diskettes  are  in  the  ASCII  format.  Price  includes  documentation, 
PB86-203783/NAC. 

For  Additional  Information: 

For  information  about  ordering  this  software, 
contact  the 

NTIS  Computer  Products  Center,  NTIS,  5285 

Port  Royal  Road,  Springfield,  VA  22161;  (703) 

487-4763. 

Refer  to  PB87-126041/NAC 
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726  Electronic  Equipment  Environmental  Stress  Screening  —  A 
guide  book  provides  technologies  for  planning  and  evaluating 
ESS  programs. 

727  Basic  and  Applied  Research  in  Electronics  and  Communica- 
tions —  Twenty-eight  projects  are  described. 
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Electronic  Equipment  Environmental  Stress 
Screening 

A  guide  book  provides  technologies  for  planning  and  evaluating 
ESS  programs. 


This  Guidebook  provides  techniques  for  planning  and  evaluating 
Environmental  Stress  Screening  (ESS)  programs  for  electronic  equip- 
ment.    The  guidance  provided  departs  from  other  approaches  to  ESS 
in  that  quantitative  methods  are  used  to  plan  and  control  both  the 
cost  and  effectiveness  of  ESS  programs.    Environmental  Stress  Screen- 
ing (ESS)  programs,  which  are  applied  during  the  production  phase, 
can  yield  significant  improvements  in  field  reliability  and  reductions 
in  field  maintenance  costs.     The  benefits  for  the  manufacturer  include: 
a  high  degree  of  visibility  as  to  the  sources  of  reliability  problems  in 
the  product  or  process,  better  control  of  rework  costs,  and  the  oppor- 
tunity to  determine  corrective  actions  which  eliminate  the  sources  of 
reliability  problems  from  the  product  or  process.     Guidebook  procedures 
and  methodology  were  developed  under  RADC  contractual  and  in-house 
studies.     Contractual  efforts  were  performed  by  the  Hughes  Aircraft 
Company  of  Fullerton,  California,  under  the  direction  of  Mr.  A.  E. 
Saari.    The  Guidebook  has  been  prepared  in  MIL-HDBK  format  to 
facilitate  its  eventual  release,  when  other  DOD  and  Industry  inputs 
become  available,  as  a  fully  coordinated  military  handbook. 

ESS  is  an  emerging  technology  and  there  are  various  approaches  asso- 
ciated with  the  application  of  stress  screens.     Regardless  of  the  approach 
used,  the  fundamental  objective  of  ESS  remains  the  same  i.e.  to  remove 
latent  defects  from  the  product  prior  to  field  delivery.     The  quantita- 
tive methods  contained  in  this  guidebook  extend  this  objective  by  focusing 
on  the  defects  which  remain  in  the  product  at  delivery  and  their  impact 
on  field  reliability.     The  goal  of  ESS  programs  thus  becomes  to  reduce 
the  latent  defect  population,  at  delivery,  to  a  level  which  is  consistent 
with  the  reliability  requirements  for  the  product.     Reduction  of  the  latent 
defect  population  in  a  production  lot  of  electronic  equipment,  is  accom- 
plished by: 

°    Use  of  ESS  results  to  isolate  defect-failure  causes  followed  by 
determining  appropriate  corrective  actions.     Effective  corrective  actions 
eliminate  the  source  (cause)  of  the  defect  from  the  process  or  product, 
thereby  improving  manufacturing  process  capability. 

°    Use  of  ESS  to  precipitate  flaws  in  the  assembled  hardware  to  a 
detectable  level  coupled  with  the  use  of  thorough  tests  to  facilitate  their 
detection  and  removal. 

The  guidebook  is  organized  according  to  the  general  sequence  of  events 
to  be  undertaken  by  the  contractor  in  planning,   monitoring  and  controlling 
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a  screening  program.     Five  detailed  procedures,  contained  in  Section  5  of 
the  guideline,  are  used  to  assist  the  user  in  accomplishing  ESS  planning 
and  evaluation  activities.     The  detailed  procedures  are  entitled: 

0  Procedure  A  -  Planning  Estimates  of  Incoming  Defect  Density 

0  Procedure  B  -  Screen  Selection  and  Placement 

°  Procedure  C  -  Failure-Free  Acceptance  Tests 

0  Procedure  D  -  Cost  Effectiveness  Analysis 

°  Procedure  E  -  Monitoring,  Evaluation  and  Control 

Section  2  of  the  guidebook  lists  references  used  in  its  preparation,  and 
Section  3  defines  terms  and  acronyms  used.    Section  4  and  the  appendices 
contain  general  guidelines  and  the  background  information  necessary  for 
understanding  the  rationale  for  and  use  of  the  detailed  procedures. 


• 


FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A174333/5/NAC 

Price  code:     A08 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:  P-19838-EL 


FilingCode:  46CG89 


Basic  and  Applied  Research  in  Electronics  and 
Communications 

Twenty-eight  projects  are  described. 


A  report  summarizes  research  done  over  a 
3-year  period  by  the  Research  Laboratory  of  Elec- 
tronics of  the  Massachusetts  Institute  of  Technolo- 
gy for  the  U.S.  Army  Research  Center.  Among  the 
research  projects  covered  in  the  report  are  the 
following: 

•Picosecond  optical  devices.  Quantum  noise  in 
phase-locked  laser  oscillators  was  studied,  with 
the  goal  of  using  light  that  produces  noise  levels 
less  than  shot  noise.  Oscillations  in  this  so-called 
squeezed  state  were  demonstrated. 

•  Picosecond  dye  laser  optics.  Mode  locking  of  op- 
tically pumped  semiconductor  lasers  was  devel- 
oped at  a  wavelength  of  1.25  ^m  with  6  mW  con- 
tinuous power,  and  led  to  pulses  5.8  ps  long. 

•Chemical  reaction  dynamics  on  semiconductor 
surfaces.  An  apparatus  for  studying  molecular 
beam  surface  reactive  scattering  was  developed. 
In  the  apparatus,  fluorine,  chlorine,  and  oxygen 
atoms  are  directed  at  silicon  and  gallium  arsenide 
surfaces.  A  mass  spectrometer  is  then  used  to 
determine  the  identities  of  the  reaction  products. 

•  Picosecond  spectroscopy  of  phase  transitions  in 
solids.  The  dynamics  of  cooperative  motion  in 
crystals  near  structural  phase  transitions  was 
studied  through  the  use  of  a  nonlinear  optical 
technique  based  on  picosecond  laser  pulses. 

•Optical  spectroscopy  of  disordered  materials. 
Partially  ordered  liquids  and  partially  disordered 
solids  were  studied.  Emphasis  was  on  surfactant 
solutions  that  show  interesting  combinations  of 
short-and  long-range  orientational  and  positional 
order. 

•Quantum  transport  in  low-dimensional  dis- 
ordered systems.  A  new  model  for  one-dimen- 
sional variable  range  hopping  was  used  to  explain 
the  irregular  structures  in  silicon  MOSFET  chan- 
nel resistance  that  occur  when  channel  width  is 
less  than  1,000  angstroms. 


•High-resolution  x-ray  diffuse  scattering.  Em- 
phasis was  on  partially  ordered  systems,  in- 
cluding intercalation  compound  structures  and 
transitions.  In  particular,  layers  of  bromine  in- 
serted in  a  lamellar  material  such  as  graphite 
were  studied 

Other  topics  reviewed  in  the  report  are  the  fol- 
lowing: 

•Excitations,  ground-state  properties,  and  phase 
transitions  of  surfaces; 

•  Phase  transitions  in  chemisorbed  systems. 

•  Electronic  properties  of  amorphous  Si02  and  re- 
lated glasses; 

•Coherent  atom-field  interactions  in  vapors  with 
applications  to  new  time  standards; 

•  Basic  studies  in  solid-state  resonator  gyroscopes: 
•Electrodynamics  in  a  cavity; 

•  Submicron  structures  technology  and  applica- 
tions; 

•  Electromagnetic  waves; 

•Localized  magnetostatic  resonance  and  wave 

propagation; 
•Atomic  probes  of  structure  and  energy  transfer; 

and 
•Control  of  microstructure  in  thin-film  electronic 

materials. 
Project  officer  Johnathan  Allen 
(617)  253-2509  or  AV  935-2509. 

FOR  ADDITIONAL  INFORMATION 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 
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Phase-Center  Extension  for  a  Microwave  Feed  Horn 

A  corrugated  cylindrical  tube  relocates  the 
phase  center  of  a  Cassegrain  antenna  feed. 


As  part  of  a  proposed  modification  to 
increase  the  aperture  of  a  Cassegrain 
antenna  from  64  to  70  m,  a  relatively 
inexpensive  extension  will  move  the 
phase  center  of  the  feed  (the  point 
from  which  the  horn  appears  to  radi- 
ate) without  incurring  the  cost  of  rede- 
signing the  horn  and  relocating  low- 
noise  equipment.  Because  of  its  large 
diameter  and  the  corrugations  on  its  in- 
terior, the  extension  tube  (see  figure) 
does  not  contribute  significantly  to  the 
system  noise  temperature.  The  exten- 
sion does  not  affect  the  polarization 
characteristics  of  the  feed. 

The  extension  was  designed  using  a 
new  corrugated-horn,  scattering-ma- 
trix computer-aided-design  program. 
The  design  is  intermediate  between 
dominant-mode  waveguide  and  beam 
waveguide  technologies.  The  length  of 
the  original  horn  did  not  have  to  be 
changed,  but  the  program  is  designed 
to  allow  for  this  in  other  applications, 
when  necessary. 

Calculations  and  measurements 
show  that  the  phase  center  can  be 
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A  Cylindrical  Extension  Tube  could  be  used  to  shift  the  phase  center  of  an  existing 
conical  feed  horn  to  meet  the  requirements  of  a  proposed  antenna  modification. 


placed  anywhere  from  a  few  inches  in- 
side to  a  few  inches  outside  the  end  of 
the  extension,  by  appropriate  choice  of 
the  length  of  the  extension  and,  to  a 
lesser  extent,  the  depth  of  the  corruga- 
tions. Since  the  phase  center  can  be 
located  outside  the  physical  feed  horn, 
the  techniques  used  in  the  current  de- 
sign could  be  applicable  in  other  pro- 


blems; for  example,  to  prevent  a  feed 
horn  from  interfering  with  other  struc- 
tures or  airflow  stream  lines. 

This  work  was  done  by  Robert  W. 
Hartop  and  Farzin  Manshadi  of  Caltech 
for  NASA's  Jet  Propulsion  Labora- 
tory. NPO-16594/TN 


♦ 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Space  Administration 

Marshall  Space  Flight  Center,  Alabama 
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Sliding  Capacitive  Displacement  Transducer 

A  simple  circuit  replaces  a  bridge  circuit. 


A  sliding  capacitive  displacement  trans- 
ducer, the  capacitance  of  which  varies 
linearly  with  displacement,  enables  the  use 
of  a  simple  circuit  based  on  an  operational 
amplifier  instead  of  a  more  complicated 
capacitance  bridge.  With  the  new  circuit, 
transducers  as  small  as  0.05  in.  (1.3  mm) 
square  and  0.004  in.  (0.1  mm)  thick  have 
produced  output-voltage  changes  of  about 
200  mV  per  0.005  in.  (0. 1 3  mm)  of  displace- 
ment. 

Examples  of  transducers  and  the  cir- 
cuit are  shown  in  the  figure.  The  flat-plate, 
transducer  is  sensitive  only  to  motion  in 
the  x  direction,  since  motion  in  the  y 
direction  does  not  change  the  area  of 


overlap.  The  piston-type  transducer  can 
be  made  quite  small  for  installation  in 
confined  spaces. 

The  circuit  includes  a  charge  amplifier, 
consisting  of  an  operational  amplifier  with 
a  stable  fixed  capacitor  in  its  feedback 
loop.  When  an  alternating  voltage  of  fixed 
amplitude  is  applied  to  the  capacitive 
transducer,  the  amplitude  of  the  output  of 
the  charge  amplifier  changes  by  an 
amount  proportional  to  the  change  of 
capacitance  produced  by  the  motion  of 
the  displacement  transducer.  The  detec- 
tor rectifies  the  amplifier  output,  produc- 
ing a  voltage  that  changes  by  an  amount 
proportional  to  the  change  in  capa- 


citance and,  therefore,  to  the  depiace- 
ment. 

To  adjust  the  final  output  signal  to  zero 
for  some  selected  reference  displace- 
ment, a  steady  voltage  equal  to  the  signal 
voltage  at  that  displacement  is  subtract- 
ed from  the  signal.  Once  that  has  been 
done,  the  final  output  voltage  will  be  pro- 
portional to  the  displacement  from  the 
reference  position.  A  dc  amplifier  ts  used 
to  provide  a  buffered  output. 

To  obtain  accurate,  repeatabie  results, 
the  transducers  must  be  designed  so  that 
the  spacing  between  the  plates  remains 
constant.  This  is  ordinarily  done  by  plac- 
ing the  plates  directly  in  contact  with  a 
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Capacitive  Displacement  Transducers  are  used  to  monitor  small  displacements.  Each  plate  of  the  transducer  capacitor  is  attached  to  o->e  o* 
the  two  objects,  the  relative  motion  of  which  is  to  be  monitored.  The  relative  motion  of  the  two  objects  changes  the  area  of  plate  overlap  and 
hence  the  capacitance  of  the  transducer. 
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rigid  dielectric  layer.  With  the  circuit  and 
transducers  described,  displacement 
measurements  repeatable  to  1  percent 
have  been  achieved.  The  output  is  insen- 
sitive to  the  capacitances  of  the  connect- 
ing cables. 

This  work  was  done  by  Boyd  D.  Bryner 
and  Alan  L  Godfrey  of  Thiokol  Corp.  for 


Marshall  Space  Right  Canter.  No  fur- 
ther documentation  is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel.  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-28017  fTN 


George  C.  Marshall  Space 
Right  Center 

Technology  Utilization  Officer. 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-0014 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Calculating  Effects  of 
Reflector-Antenna  Distortions 

Changes  in  radiation  patterns  are  predicted 
from  surface-displacement  measurements. 


A  mathematical  numerical  model  accurately  predicts  the  effects 
of  systematic  (that  is,  nonrandom)  distortions  on  the  radiation  pat- 
tern of  a  reflector  antenna.  Techniques  for  predicting  radiation  pat- 
terns were  developed  previously  for  reflectors  with  perfect  sur- 
faces and  for  surfaces  with  random  deviations  from  perfection.  The 
new  model  treats  reflectors  distorted  by  thermal,  gravitational,  and 
dynamic  effects. 

The  steps  in  the  analysis  of  a  distorted  reflector  are  illustrated 
schematically  in  Figure  1 .  The  model  incorporates  physical  optics 
via  vector  diffraction  analysis  to  obtain  the  co-  and  cross-polar  com- 
ponents of  the  electric  field.  The  reflector-surface  shape  is  specified 
in  terms  of  the  undistorted  part  of  the  displacement  from  a 
reference  surface  (for  example,  a  best-fit  paraboloid),  plus  the 
distortion.  Assuming  an  incident  radiation  field  from  a  feed  horn 
or  other  source,  the  integral  for  the  far  radiation  field  is  taken  over 
the  surface  and  evaluated  using  a  Jacobi-Bessel  expansion. 

In  principle,  the  radiation  integral  requires  the  specification  of  the 
surface  distortion  and  orientation  at  every  point.  The  distortion,  in 
practice,  may  be  known  from  measurements  at  a  limited  number 
of  points  or  from  a  finite-element  calculation  of  thermal  or  dynamic 
distortions.  Therefore,  the  model  includes  an  interpolation  scheme 
that  describes  the  distortion  with  relatively  high  accuracy  in  the 
spaces  between  the  known  points. 

The  choice  of  interpolation  scheme  or  combination  of  schemes 
depends  on  the  specific  problem.  In  global  interpolation,  the  sur- 
face is  described  in  a  two-dimensional  polynomial  or  an  expansion 
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Figure  1.  The  Diffraction  Analysis  of  a 

reflector  antenna  depends  on  an  interpola- 
tion of  the  surface  description  for  the  far- 
field  radiation  integral. 
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Figure  2.  The  Local  Interpolation  Scheme 
uses  a  bicubic  or  higher  order  polynomial 
approximation  of  the  surface  to  express  a 
desired  surface  point  In  terms  of  nearby 
known  surface  points. 


in  orthogonal  functions.  The  task  in  such  a 
case  is  to  determine  the  coefficients  of  the 
polynomial  or  expansion.  In  local  interpola- 
tion, a  spline  patch  provides  a  smooth  sur- 
face connecting  adjacent  known  points, 
subject  to  the  requirement  that  the  inter- 
polation function  and  its  derivatives  be 
continuous. 

The  local  interpolation  (see  Figure  2) 
expresses  the  z  distortion  coordinate  of  a 
desired  surface  point  as  a  bicubic  or 
higher  order  polynomial  in  the  x  and  y 
coordinates  of  that  point.  The  coeffi- 
cients of  the  bicubic  polynomial  are  ob- 
tained from  the  10  or  more  neighboring 
known  points,  which  are  found  by  a 
binary  search  algorithm  that  identifies 
the  number  of  prescribed  points  in  a  rec- 
tangular search  area.  If  the  number  of 
such  points  exceeds  10,  the  system  of 
linear  equations  for  the  coefficients  is 


overdetermined.  and  the  coefficients  are 
calculated  by  the  method  ot  least 
squares. 

Many  numerical  examples  have  dem- 
onstrated the  accuracy  of  the  mterpoia- 
tion  scheme.  A  notable  success  was 
achieved  in  predicting  the  radiation  pat- 
tern of  a  distorted  offset  parabolic  reflec- 
tor. The  far-fiekJ  predictions  for  both 
functionally  and  discretely  prescribed 
surface  shapes  have  been  compared  with 
far-field  measurements.  In  an  cases,  very 
good  agreement  was  obtained  on  the 
main  beam  and  over  several  s*Je<t>ss 
away  from  the  main  beam. 

Tints  work  was  done  by  Yahya  Rahmat- 
Samii  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory    \ 
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Electronic  Power  Switch  for 
Fault-Tolerant  Networks 

Power  field-effect  transistors  reduce  energy 
waste  and  simplify  interconnections. 


A  current  switch  containing  a  power 
field-effect  transistor  (PFET)  is  placed  in 
series  with  each  load  in  a  fault-tolerant 
power-distribution  system.  If  the  system 
includes  several  loads  and  supplies, 
switches  are  placed  in  series  with  adja- 
cent loads  and  supplies  (see  figure).  The 
system  of  switches  protects  against  over- 
loads and  losses  of  individual  power 
sources. 

If  a  power  supply  fails,  current  flows  to 
the  affected  loads  through  the  switches 
that  connect  them  to  the  remaining  power 
supplies.  On  the  other  hand,  when  a  sen- 
sor associated  with  each  PFET  measures 
excessive  current  drain  (senses  an  over- 
load), the  switch  automatically  discon- 
nects the  load  from  the  supply.  If  the  load 
is  receiving  power  from  more  than  one 
supply,  the  switches  to  all  connecting 
supplies  will  turn  off  if  all  the  currents  to 
that  load  are  excessive.  Thus,  current  is 
automatically  routed  around  a  fault. 

When  power  is  initially  applied  to  a 
power  block  through  its  current  switch, 
current  passes  through  the  body-drain 
diode  of  the  PFET.  When  the  load  comes 
up  to  power,  the  PFET  is  turned  on.  The 
voltage  across  it  drops  to  a  low  value, 
which  reduces  the  waste  of  power. 

This  work  was  done  by  Jeffrey  Volp  of 
The  Charles  Stark  Draper  Laboratory,  Inc. 
for  Johnson  Space  Center. 

in  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  address- 
ed to: 

The  Charles  Stark  Draper  Laboratory, 

Inc. 

555  Technology  Square 

Cambridge,  MA  02139 
Refer  to  MSC-20874.  /TN 
Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer: 
Dean  C.  Glenn 
Mail  Code  EA4 
Houston,  TX  77058 
(713)  483-3809 
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A  Current  Switch  Is  Formed  by  a  power  field-effect  transistor  and  a  current  sensor.  For  three 
power  supplies  and  three  loads  in  a  fault-tolerant  system,  three  switches  are  placed  in  each 
power  block. 

Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Controller  for  Fast-Acting  Furnaces 

Circuit  slows  the  responses  of  certain  furnace  types. 


+  15V< 


z.  ■-.-■ 


SW7 


This  Control  Circuit  has  been  used  to  maintain  the  temperature  of  a  furnace  within  2  °C  over  a  period  of  12  hours  or  more 


The  temperature-control  circuit  shown 
in  the  figure  suppresses  temperature  os- 
cillations in  rapidly  responding  laboratory 
furnaces.  Ordinarily,  such  furnaces  are 
difficult  to  control  because  their  tempera- 
tures change  very  rapidly  with  changes  in 
delivered  electric  power.  Ordinary  com- 
mercial controllers  are  not  designed  to 
handle  this  kind  of  response. 

The  circuit  output  actuates  an  external 
power  supply,  which  furnishes  heater 
power  to  the  furnace  in  response  to  the 
furnace  temperature  sensed  by  a  thermo- 
couple. Variable  resistor  Rgg  is  adjusted 
so  that  the  power  supply  provides  what- 
ever percentage  of  full  power  is  needed  to 
maintain  temperature.  Operational  ampli- 
fier Ag,  diode  Dv  and  capacitor  C3  form  a 
feedback  network  that  introduces  a  delay 
that  changes  as  the  capacitor  charges  or 


discharges.  Rotary  switch  SW2  is  used  to 
select  R10,  R1V  R12,  or  R13to  set  the  gain 
of  Ag,  which  determines  the  response 
time  of  Ag. 

Switch  SW,  is  used  to  select  the  input 
range.  Two  ranges  (0  to  10  mV  and  0  to  50 
mV)  are  provided  so  that  almost  any  type 
of  thermocouple  can  be  used.  The  switch 
selects  R4  or  R5  to  change  the  gain  of  A, 
and  thus  the  thermocouple  range.  The  in- 
put temperature  signal  is  Indicated  by  a 
commercial  readout  device  that  can,  if 
desired,  be  connected  to  a  different  ther- 
mocouple or  to  the  same  thermocouple. 

R31  is  adjusted  so  that,  with  no  input 
from  the  thermocouple,  transistor  Q,  con- 
ducts, short-circuiting  the  controller  out- 
put to  ground  and  turning  off  the  furnace 
power  supply.  Therefore,  if  the  thermo- 


couple fails,  the  furnace  will  simply  shut 
down.  If  overheating  should  occur,  SWfr  a 
panic  button,  can  be  used  When  SW8  s 
pressed,  C3  discharges  rapidry  and  the 
controller  output  drops  to  zero  When 
SW8  is  released,  the  output  increases 
slowly  as  C3  recharges 

To  start  tne  controller,  the  operator  r>- 
creases  Rx  while  pressing  SW7  unti  the 
readout  indicates  that  the  preselected 
minimum  temperature  has  been  reac^eo 
The  operator  releases  SW7  and  observes 
the  readout  for  about  20  minutes  If  there 
is  any  temperature  cycling  during  this 
period,  the  operator  changes  the  posrhon 
of  SW,to  adjust  the  response  t*ne  When 
cycling  has  been  eliminated,  the  operator 
adjusts  R^  m  small  steos  unt '  tH  i» 
quired  temperature  ts  raacneo  prec«seA 
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If  the  temperature  cannot  be  reached 
with  F^  at  full  scale,  the  operator  adjusts 
R29  to  add  power  to  the  heater. 

This  work  was  done  by  Richard  J. 
Williams  of  Johnson  Space  Center  and 
Oscar  Mullins  and  Frank  Gaudiano  of 


Lockheed  Engineering  and  Management 
Services  Co.  Further  information  may  be 
found  in  NASA  TM-58250  [N83-19000/ 
NSP],  "A  Slow  Response  Temperature 
Controller." 


Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  [A®2] 
MSO20624  fTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


? 


♦ 


Department  of  Energy 


Technology  Application 


Electrical  Circuit  Characterization  and  Diagnostic 
(ECCAD)  System 

The  computer  controlled  ECCAD  system  allows  measurements  of  basic 
circuits  through  the  use  of  domain  reflectometry  to  be  made  at  a  single 
point  outside  of  a  hostile  environment.  It  can  also  be  used  to  monitor 
and  record  the  condition  of  circuits  before  they  fail  allowing  operators 
to  perform  preventative  maintenance  to  avoid  the  costly  effects  of  an 
unexpected  breakdown. 

This  technology  allows  for  the  testing  of  circuits  without  entering  the 
facility.    It  can  locate  and  identify  circuit  problems  in  minutes  as  op- 
posed to  the  hours  or  days  using  conventional  methods.     The  system  has 
been  tested  in  various  power  plants.    The  product  to  be  used  by  com- 
mercial nuclear  and  conventional  power  plants. 

FOR  ADDITIONAL  INFORMATION;    Contact: 

Dr.  Jane  M.  Welch,  Manager  ORTA, 

Idaho  National  Engineering  Laboratory 

P.O.  Box  1625 

Idaho  Falls,  ID  83415 

(208)  526-8313 

Refer  to  DOE/INEL-016/TN. 
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Large  Area  Detector  Portal/Personnel  Monitor 

An  extremely  sensitive  radioactive  contamination  detection  instrument 
was  developed.     It  can  be  used  in  doorways  or  locations  near  potentially 
contaminated  areas  to  survey  personnel  from  head  to  toe  for  radioactive 
contamination  as  they  enter  or  leave  a  facility.     The  portal  monitors 
allow  more  people  to  be  whole  body  surveyed  in  a  shorter  time.     The 
systems  proportional  counters  are  more  sensitive  and  discriminating 
which  makes  the  system  suitable  for  detecting  beta  radiation  and  alpha 
and  gamma  radiation.     These  detectors  have  a  large  surface  area  and 
very  thin  detection  windows  allowing  more  rapid  and  complete  conta- 
mination surveys  to  be  accomplished. 

FOR  ADDITIONAL  INFORMATION:     Contact: 
Dr.  Jane  M.  Welch,  Manager  ORTA, 

Idaho  National  Engineering  Laboratory 
Idaho  Falls,  ID    83415;  (208)  526-8318. 
Refer  to  DOE/INEL-014/TN. 
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Department  of  Energy 


Technology  Application 


Power  in  Short  Radar  Pulses  Now  Can  Be 
Measured  Directly 

Specialized  radar  systems  that  use  extremely  short 
radio  pulses  to  measure  relatively  short  distances  now 
can  be  tested  more  readily  in  the  factory,  thanks  to  a 
method  developed  at  Sandia  National  Laboratories.  The 
method  uses  a  new  piece  of  hardware — a  microwave 
peak-power  ratio  generator  (PPRG) —  that  was  designed 
and  built  at  Sandia. 

Pulsed  radars,  using  solid-state  semiconductor  chips, 
are  now  used  extensively  in  aircraft  and  missile  systems. 

A  dual-channel  commercial  power  meter  used  in  com- 
bination with  the  PPRG  can  measure  the  power  of  radar 
signals  that  are  emitted  in  pulses  as  short  as  7  nanosec- 
onds [1  nanosecond  (ns)  is  a  billionth  of  a  second].  The 
measurement  is  displayed  on  the  meter's  digital  readout; 
no  readings  from  oscilloscope  traces  are  required.  The 
system  accurately  measures  peak  power  on  pulses  that 
occur  at  pulse  repetition  frequencies  (PRFs)  as  high  as 
75,  megahertz. 

Until  now,  the  best  commercial  systems  could  only 
measure  pulses  that  lasted  15  ns  or  longer  because  the 
video  detector-amplifier  equipment  used  in  these  sys- 
tems has  limited  response  characteristics. 

Narrow-pulse  radar  common 

Bob  Moyer,  electrical  engineer  in  Sandia's  Electrical 
Standards  Division,  led  Sandia's  efforts  to  develop  the 
method  and  designed  the  PPRG  electrical  system.  He 
says  that  many  modern  radars  use  extremely  narrow 
pulses  and  extremely  fast  PRFs,  both  made  possible  by 
solid-state  technology.  Narrower  pulses  improve  the  res- 
olution of  a  returning  radar  signal,  thereby  improving 
system  accuracy. 

Moyer  believes  the  peak-power  ratio  generator  has  the 
range  and  versatility  to  be  used  for  various  military  and 
civilian  applications.  "The  PPRG  was  developed  specifi- 
cally to  measure  the  power  in  extremely  narrow  and  fast 
repetition  pulses,  but  it  measures  any  pulse  width  from  7 
ns  on  up,"  he  says.  "With  adjustments  or  slightly  differ- 
ent configurations,  it  could  also  do  the  job  that  commer- 
cial instruments  do  on  wider  pulses  that  occur  less 
frequently." 

Contains  three  subsystems 

Three  interconnected  subsystems  make  up  the  new 
device — the  microwave  section,  where  the  radar  signal  is 
received,  processed  in  the  form  o(  two  channels,  and 
measured;  the  video  section,  where  the  reference  signal  is 
detected  and  modified  electrically;  and  the  logic  section, 
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Bob  Moyer  (right),  Sandia  electrical  engineer,  shows  the  compo- 
nents inside  the  microwave  peak-power  ratio  generator  that 
measures  the  power  of  radar  signals  emitted  in  pulses  as  short 
as  7  nanoseconds.  Moyer,  primary  developer  of  the  generator, 
points  to  the  splitter  where  the  incoming  radar  signal  is  separat- 
ed into  a  source  channel  and  a  reference  channel.  Looking  on  is 
Charlie  Still,  senior  technical  assistant  who  planned  the 
mechanical  layout  of  the  components. 

which  controls  the  video  section  electronics  so  that  the 
power  of  the  reference  channel  is  kept  at  a  constant  level. 
A  radar  to  be  tested  is  actuated,  and  the*  signal  is  fed 
into  the  PPRG.  There  it  is  split  into  two  parts — a  source 
channel  and  a  reference  channel. 

The  source  channel  signal  goes  directly  to  the  power 
meter.  The  reference  channel  signal  is  reduced  by  an 
electrically  controlled  attenuator  to  a  predetermined 
power  level,  then  it  also  goes  to  the  power  meter,  which 
measures  the  ratio  of  the  average  power  levels  in  the  two 
channels. 

By  virtue  of  the  design  and  calibration  of  the  PPRG, 
that  ratio  is  also  equal  to  the  ratio  of  the  peak  power  in 
the  input  signal  to  the  predetermined  peak  power  level 
maintained  in  the  reference  channel.  The  digital  output 
of  the  power  meter  displays  the  peak  power  in  a  standard 
power  measure — decibels  above  1  milliwatt. 

Because  it  is  not  manufactured  commercially  at  this 
time,  a  firm  cost  figure  for  the  PPRG  isn't  available,  but 
Moyer  says  the  parts  necessary  to  assemble  a  PPRG 
similar  to  the  one  in  his  lab  probably  would  cost  about 
$4,400.  Most  are  off-the-shelf  parts. 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Dept.  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207. 

Refer  to  announcement  22,  No.2 
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Gaithersburg,  MO  20899 


Survey  of  Triaxial  and  Mode-Stirred  Techniques  for 
Measuring  the  Shielding  Effectiveness  of  Connectors 
and  Cables 

In  recent  years,  one  major  concern  with  the  design  and  use  of  coaxial 
and  multicontact  connectors  and  accompanying  cable  assemblies  has  been 
the  amount  of  electromagnetic  (EM)  energy  or  radio  frequency  (rf)  leakage 
that  can  be  tolerated  in  today's  advanced  electronic  systems.     Toward 
this  end,  these  systems  have  been  designed  to  withstand  the  effects  of 
electromagnetic  interference  (EMI)  at  operating  frequencies  from  a  few 
megahertz  to  many  gigahertz.     To  facilitate  system  design,  shielding 
effectiveness  data  are  required  for  connectors  and  cables  that  interconnect 
various  components,  subassemblies,  equipment,  and  subsystems.     The 
evaluation  of  shielding  effectiveness  measurements  of  connectors  and  cables 
has  been  the  subject  of  a  great  deal  of  analysis  and  research  for  some  time. 
An  extensive  literature  search  was  conducted  in  the  field  of  connectors 
and  cables,  and  of  the  problem  dealing  with  radio  frequency  leakage 
characteristics  and  the  ability  to  measure  the  shielding  effectiveness  of 
these  connectors  and  cables.     The  research  reviewed  two  measurement 
techniques  for  determining  the  shielding  effectiveness:     the  triaxial  test 
technique  that  has  been  used  for  over  20  years  and  the  mode-stirred  test 
technique  that  recently  has  started  to  gain  in  popularity.     From  this  survey, 
certain  inferences  were  drawn  about  these  techniques  in  terms  of  device 
configuration,  frequency  range,  and  ease  of  measurement  and  are  presented 
in  chart  form  for  comparative  purposes. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:    PB87-1 16174/NAC 

Price  code:     A02 
To  discuss  this  effort  further,  contact  the  report's  author,  Ramon  Jesch, 
Electromagnetic  Fields  Division,  Center  for  Electronics  and  Electrical  En- 
gineering, National  Engineering  Laboratory,  National  Bureau  of  Standards, 
Boulder,  Colorado  80303. 
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Energy 


737  Evaluating  HVAC  Performance  in  'Smart'  Buildings 

738  Effects  of  Life  Style  on  Residential  Energy  Use 

739  Cost  Effectiveness  of  Retrofit  Actions  in  Apartment  Buildings 

740  Heat-Exchanger/Heat-Pipe  Interface  —  A  monolithic  assem- 
bly would  be  reliable  and  light  in  weight. 

741  Negative-Electrode  Catalysts  for  Fe/Cr  Redox  Cells  —  Elec- 
trodes perform  more  consistently  and  are  less  expensive. 
(Licensing  Opportunity) 

Other  items  of  Interest 

749  Braking  System  for  Wind  Turbines  —  An  operating  turbine 
would  be  stopped  smoothly  by  a  fail-safe  mechanism.  (Li- 
censing Opportunity) 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899  


Evaluating  HVAC  Performance  in  "Smart"  Buildings 

Researchers  in  the  NBS  Center  for  Building  Technology  prepared 
specifications  for  evaluating  the  thermal  and  environmental  per- 
formance of  advanced-technology  buildings.     These  buildings,  some- 
times called  "smart"  buildings,  have  sophisticated  controls  for  heat- 
ing, ventilation,  and  air-conditioning  systems.     The  specifications  will 
help  avoid  design,  construction,  and  operation  errors  which  may  re- 
sult in  buildings  which  are  unsuitable  for  occupants  or  which  have 
excessive  operating  costs.     They  include  ways  to  measure  airtight- 
ness  and  infiltration  rates  and  to  determine  insulation  effectiveness. 
Also  included  are  methods  to  evaluate  indoor  pollutant  levels.     A 
report  describes  various  diagnostic  tests  and  the  materials  and  equip- 
ment needed.     It  also  contains  work  statements,  which  describe  how 
each  test  should  be  conducted,  how  data  should  be  analyzed,  and  how 
the  results  should  be  presented.     Although  the  specifications  were  de- 
veloped for  use  on  advanced-technology  buildings,  most  of  the  methods 
can  be  used  to  evaluate  other  buildings  as  well. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report,  Specifica- 
tions for  Thermal  and  Environmental  Evaluations  of  Advanced-Techno- 
logy Office  Buildings    (NBSIR  86-3462),  is  available  from  the  Notional 
Technical  Information  Service,  Springfield,  VA  22161,  for  $13.95  pre- 
paid.   Order  by  PB87-134326/NAC. 
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A  large  data  set  was  analyzed  to  identify 
lifestyle  trends  or  relationships  that  should  be 
taken  into  account  in  retrofit  performance 
research.  Occupant-controlled  thermostat 
settings,  as  reflected  in  indoor  temperature  or 
heating  and  air  conditioning  energy  use,  were 
examined  with  respect  to  outdoor  temperature, 
heating  system  type,  family  size,  house  size,  and 
house  type.  Hot  water  energy  use  was  similarly 
examined. 

Several  trends  associated  with  these  variables 
emerged:  occupants  of  homes  with  central 
thermostats  are  more  likely  to  use  nighttime 
temperature  setback  during  the  winter  than  those 
with  individual  room  controllers;  outdoor 
temperature  has  a  stronger  effect  on  thermostat 
management  during  the  winter  than  during  the 
summer;  house  type  affects  air  conditioner 
energy  use  and  may  shift  the  winter/summer 
balance  of  savings  for  some  retrofit  measures; 
and  hot  water  use  varies  seasonally,  and  the 
variation  is  most  noticeable  during  the  fall 
months. 


Because  indoor  temperature  data  are  seldom 
available  for  analysis,  this  study  is  a  valuable  tool 
for  predicting  the  energy  savings  that  would  be 
possible  as  a  result  of  retrofit  conservation 
measures. 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192;  FTS  624-4192 

T.  K.  Stovall  and  M.  A.  Kuliasha,  An  Analysis  of  Lifestyle 
Effects  on  Residential  Energy  Use,  ORNL/CON-170,  Oak 
Ridge  National  Laboratory  (February  1 985). 
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COST  EFFECTIVENESS  OF  RETROFIT  ACTIONS 
IN  APARTMENT  BUILDINGS 


The  cost  effectiveness  of  basic  energy 
conservation  measures  in  two  prototypical 
apartment  buildings  in  each  of  five  different 
climates  has  been  assessed.  Five  measures — roof 
insulation,  wall  insulation,  storm  windows, 
caulking  and  weatherstripping,  and  night 
setback/setup  of  thermostats — were  considered 
in  great  detail.  Other  measures,  such  as  heating 
and  cooling  equipment  modifications,  were 
considered  in  a  more  limited  manner.  In  general, 
payback  periods  for  all  measures  tended  to 
increase  with  decreasing  heating  degree  days  and 
were  usually  lower  for  high-rise  buildings  than  for 
low-rise  buildings.  When  electricity  demand 
charges  were  considered,  payback  periods  were 
slightly  shorter.  Energy  savings  for  storm 
windows  and  caulking/weatherstripping  were 
strongly  affected  by  the  assumed  reduction  of 
infiltration.  Caulking  and  weatherstripping 
appeared  to  be  cost  effective  in  most  of  the 
climates  considered;  wall  insulation  was  cost 
effective  only  when  added  incrementally  to 
prerequired  exterior  wall  changes.  The  interaction 
among  multiple  measures  installed  together  did 
not  greatly  alter  their  cost  effectiveness. 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge.  TN  37831 

Telephone:  (615)  574-4192;  FTS  624-4192 

J.  L.  Nicol  and  T.  K.  Stovall.  Cost- Effectiveness  of  Stngte 
and  Multiple  CACS  Retrofit  Actions  m  Murtrfamty  Apartment 
Buildings,  ORNL/CON- 1 9 1 ,  Oak  Ridge  National  Laboratory 
(March  1986). 
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National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Heat-Exchanger/Heat-Pipe  Interface 


A  monolithic  assembly  would 
be  reliable  and  light  in  weight. 


An  interface  assembly  would  connect 
the  heat  exchanger  of  a  furnace,  reactor, 
or  other  power  source  with  the  heat 
pipes  that  carry  the  heat  to  the  radiator 
or  power-consuming  system.  One  of  sev- 
eral concepts  proposed  for  nuclear- 
power  supplies  aboard  spacecraft,  the 
proposed  interface  may  be  useful  on 
Earth  in  solar  thermal  power  systems, 
heat  engines,  and  lightweight  cooling 
systems. 

The  assembly  would  be  made  from 
two  monolithic  halves,  each  of  which 
would  be  hogged  out  of  plate  stock  and 
finished  by  electrical-discharge  machin- 
ing. As  shown  in  the  figure,  the  concep- 
tual assembly  integrates  the  heat  ex- 
changer and  the  heat-pipe  ends.  Each 
heat-pipe  end  shares  a  common  wall 
with  the  heat  exchanger.  After  machin- 
ing and  inspection,  the  assembly  halves 
would  be  seam-welded  together,  then 
the  evaporator  and  other  heat-pipe  inter- 
nal parts  would  be  installed  and  the  outer 
heat-pipe  halves  welded  in  place. 

Because  it  minimizes  the  number  of 
liquid/solid  and  solid/solid  interfaces 
across  which  heat  must  be  transferred, 
the  monolithic-assembly  design  provides 
low  thermal  resistance  without  adding 
excessive  weight.  While  immersion  of 
the  heat  pipes  in  the  heat-exchange  liq- 
uid would  also  result  in  low  thermal  re- 
sistance, it  would  require  joints  where 
the  heat  pipes  enter  the  heat  exchanger 
and  would  be  highly  susceptible  to  me- 
chanical failures  of  the  pipes  and  the 
joints.  Since  there  are  no  such  joints  in 
the  monolithic  assembly,  it  should  be 
more  reliable. 

Other  advantages  of  the  monolithic- 
assembly  concept  include  the  following: 

•  It  can  be  inspected  and  repaired  readi- 
ly; 

•  It  is  replaceable; 

•  Graded  thick-to-thin  material  transitions 
and  ample  fillet  sections  can  be  provid- 
ed during  machining; 

•  The  heat  pipes  add  stiffness  to  the  heat 
exchanger; 


Evaporator 
Ends  of 
Heat  Pipes 


Cavity  for 
Heat-Exchange  »«^ 
Fluid   ^ 


Cavity  for 
Heat-Pipe 
Evaporation 
(Before  Installation 
of  Evaporation  and 
Outer  Half  of 
Heat  Pipe) 


A  Heat  Exhanger  and  the  Evaporator  Ends  of  Heat  Pipes  are  integrated  in  monolithic 
halves  that  are  welded  together. 


•There  is  sufficient  room  for  precise,  full- 
penetration  electron-beam  welding; 
and 

•  All  welding  is  done  from  the  outside. 
This  work  was  done  by  Harold  J. 


Snyder  and  Thomas  H.  Van  Hagan  ofGA 
Technologies,  Inc.,  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

NPO-16456/TN 


( 
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National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Licensing 
Opportunity 


Negative-Electrode  Catalysts  for  Fe/Cr  Redox  Cells 

Electrodes  perform  more  consistently  and  are  less  expensive. 


Surfaces  catalyzed  by  Dismuth  (Bi)  and 
bismuth/lead  (Bi/Pb)  have  been  devel- 
oped for  application  on  the  chromium 
electrode  in  the  iron/chromium  (Fe/Cr) 
redox  electrochemical  energy  storage 
system.  The  NASA  Fe/Cr  storage  system 
incorporates  two  soluble  electrodes  con- 
sisting of  acidified  solutions  of  iron 
chloride  (Fea3  and  FeClg)  and  chromium 
chloride  (CrC^  and  CrClj).  which  are  oxi- 
dized and  reduced  in  a  power-conversion 
unit  to  store  and  produce  electricity.  Elec- 
trolytes are  circulated  with  pumps  and 
stored  in  external  tanks. 

Reactant  solutions  are  separated  in 
the  power-conversion  unit  by  a  semi- 
permeable membrane  or  a  microporous 
separator.  The  iron  electrode  consists  of 
an  uncatalyzed  carbon  felt  where  the 
Fe+2/Fe+3  reaction  occurs.  However, 
carbon  felt  is  not  an  electrochemically 
reversible  surface  for  the  Cr+3/Cr+2 
couple.  A  catalyst  is  required  to  improve 
the  electrochemical  performance.  The 
required  catalyst  must  have  high  activity 
for  reducing  and  oxidizing  chromium  be- 
tween the ( +2) and  ( +3) oxidation  states, 
and  it  must  also  have  a  high  hydrogen 
overvoltage. 

The  most  successful  catalyst  surface 
used  for  the  redox  system  in  the  past  has 
been  a  combination  of  gold  (Au)  and  lead 
(Pb).  Excellent  results  have  been  ob- 
tained from  systems  using  chromium 
electrodes  catalyzed  with  Au/Pb.  How- 
ever, electrode  fabrication  has  not  been 
totally  reproducible.  Unexplained  varia- 
tions in  the  carbon-felt  substrate  have  in- 
fluenced the  deposition  of  the  gold 
catalyst.  Apparently  the  effectiveness  of 
the  lead  component  of  the  catalyst  is  also 
controlled  by  the  integrity  of  the  gold 
deposit.  Other  disadvantages  of  the 
Au/Pb  catalyst  include  the  fabrication 
time  and  the  loss  of  hydrogen  overvol- 
tage following  the  exposure  of  a  function- 
ing electrode  to  air. 

The  bismuth  or  bismuth/lead  catalyst  is 
applied  to  the  carbon-felt  substrate  by  in  situ 
electrochemical  deposition  of  trace  quanti- 
ties of  Bi  or  of  Bi  and  Pb  dissolved  in  the 
chromium  solution.  The  loading  concentra- 
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Figure  1.  The  Performance  of  a  Redox  Cell  with  an  uncatalyzed  cartxxvfett  electrode  d  com- 
pared to  that  of  a  cell  with  a  bismuth-catalyzed  carbon-felt  electrode.  These  measurements 
were  taken  at  50  percent  state  of  charge,  with  mixed  reactants,  at  a  temperature  of  66  *C. 


1.2 


o 

> 


0.8  - 


A  —  After  Exposure  to  Air,  Fresh  Reactants,  No  BI 
e  —  BI  Salt  Added  to  Reactant 


20 


40 


00 


80 


HV 


120 


•40 


Current  Density,  mA/cm2 


Figure  2.  The  Effect  of  Recatah/zJng  the  Chromium  Electrode  after  exposure  to  air  is  shown 
in  this  plot  of  cell  performance.  These  measurements  wen?  taken  at  50  percent  state  of 
charge,  at  a  temperature  of  65  °C. 
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tions  of  the  catalysts  are  nominally 
110  //g/cm2  of  projected  area  for  bismuth 
and  90  /ig/cm2  of  projected  area  for  lead. 

The  catalysts  have  been  evaluated  in  two 
types  of  Fe/Cr  redox  systems:  one  using 
pure  iron  chloride  as  the  catholyte  and  pure 
chromium  chloride  as  the  anolyte,  the  other 
using  an  equimolar  mixture  of  iron  chloride 
and  chromium  chloride  for  both  the  anode 
and  cathode.  In  the  mixed-solution  concept, 
however,  only  the  iron  in  the  catholyte  and 
the  chromium  in  the  anolyte  are  the  electro- 
chemically  active  species. 

Figure  1  compares  the  performance  of  a 
redox  cell  at  65  °C  using  a  catalyzed 
chromium  electrode  to  that  of  a  cell  with  an 
uncatalyzed  carbon  surface.  The  voltage/ 
current  relationship  for  the  uncatalyzed  car- 
bon surface  shows  significant  kinetic 
polarization,  whereas  reversible  perform- 
ance is  obtained  following  the  addition  of 
bismuth  to  the  chromium  solution.  The  ener- 
gy efficiency  for  a  constant-current  cycle  at 
43  mA/cm2  was  80  percent  with  the  cata- 
lyzed electrode,  compared  to  66  percent 
with  the  uncatalyzed  carbon  surface. 

An  example  of  the  flexibility  of  the 
bismuth-catalyzed  electrode  was  demon- 
strated through  the  exposure  of  the  elec- 
trode to  air  between  cycles.  (Typically, 
Au/Pb-catalyzed  electrodes  evolve  greater 


quantities  of  hydrogen  following  exposure  to 
air.)  A  system  was  cycled  at  65  °C,  the  re- 
actant  solutions  removed,  and  the  system 
flushed  with  acid.  The  electrode  was  re- 
moved from  the  cell,  dried  in  air  at  100  °C 
and  returned  to  the  cell  along  with  fresh  re- 
actants.  Polarization  results  at  65  °C  (see 
Figure  2),  before  the  addition  of  bismuth  to 
the  anolyte,  show  the  irreversible  nature  of 
the  uncatalyzed  surface.  Following  the  addi- 
tion of  bismuth  to  the  chromium  solution,  the 
reversible  nature  of  the  electrode  was  re- 
gained, indicating  no  apparent  effect  of  the 
exposure  to  air. 

The  small  changes  in  cell  performance 
that  occurred  during  extended  cycling  were 
corrected  by  completely  discharging  the 
reactants  and  replating  the  catalysts:  the  ini- 
tial performance  was  restored.  Remixing 
the  anolyte  and  catholyte  solutions  to 
equalize  the  reactant  volumes  showed  no 
detrimental  effect. 

The  advantages  of  the  bismuth  catalyzed 
or  bismuth/lead  catalyzed  carbon  surfaces 
over  the  gold/lead  catalyst  system  for  the 
Cr(lliyCr(ll)  couple  include  the  following: 
•Less  variability  in  electrode  perfor- 
mance; 

•  Simpler,  less  costly  electrode  fabrication; 
and 

•  Satisfactory  performance  following  ex- 


posure to  air. 
It  is  anticipated  that  bismuth  or  bismuth/ 
lead  surfaces  could  also  be  effective  for 
the  reduction  of  other  metal  ions,  e.g., 
manganese,  vanadium,  titanium,  tin  and 
copper  ions. 

This  work  was  done  by  Randall  F.  Gahn 
and  Norman  Hagedorn  of  Lewis  Re- 
search Center.  Further  information  may 
be  found  in  NASA  TM-87034  [N85-27387/ 
NSP],  "Cycling  Performance  of  the  Iron- 
Chromium  Redox  Energy  Storage. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  [A02] 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,543,302).  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel,  Refer  to  LEW-14028.7TN 

Lyndon  B.  Johnson  Space 
Center 

Technology  Utilization  Officer 

Dean  C  Glenn 

Mail  Code  EA4 

Houston,  TX  77058 

(713)483  3809 

Patent  Counsel 

Edward  K  Fein 

Mail  Code  AL3 

Houston,  TX  77058 

(713)483-4871 
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742  General  Rotorcraft  Aeromechanical  Stability  Program  (Grasp)  —  A 
modern  approach  to  Rotorcraft  Modeling 

743  Standing  Seam  Metal  Roofing 

744  Self-Cleaning  Air  Filter  for  Diesels  —  Conceptual  unit  would  agglomerate 
dust  into  larger  particles  for  efficient  removal. 

745  Removal  of  Hydrofluoric  Acid  from  Gas  Streams  by  Solid  Sorbents 

746  Desulfurizing  Coal  With  an  Alkali  Treatment  —  A  simplified,  fluidized-bed 
process  removes  most  of  the  sulfur. 

747  Array  of  Shaped  Heat  Pipes  —  Heat  would  be  distributed  evenly  over  a 
cone. 

748  Reducing  Fatigue  in  a  Rotary  Flowmeter  —  Vanes  are  repositioned  to 
reduce  cyclic  buffeting  of  rotor  blades. 

749  Braking  System  for  Wind  Turbines  —  An  operating  turbine  would  be 
stopped  smoothly  by  a  fail-safe  mechanism.  (Licensing  Opportunity) 

750  Vibration-Resistant  Support  for  Halide  Lamps  —  The  lamp  envelope  is 
protected  against  breakage. 

751  Improved  Stud  Designs  for  Wood/Metal  Joints  —  Load-transfer  capacities 
and  resistances  to  fatigue  are  increased. 

Software 

752  Computing  Jet-Exhaust/Crossflow  Interactions  —  Outputs  include  velocity 
and  pressure  fields,  forces,  and  moments. 

753  Calculating  Sonic-Boom  Propagation  —  Nonlinear  effects  are  included 
enabling  more-realistic  modeling. 

Testing  &  Instrumentation 

754  Helium  Permeation  Leak  Test  Service 

755  Using  An  Anemometer  to  Measure  Gas  Flow  from  Pipe  Outlets 

756  Portable,  Controlled-Load-Rate  Tension  Tester  —  Damaging  mechanical 
shocks  are  suppressed.  (Licensing  Opportunity) 

Other  items  of  Interest 

737      Evaluating  HVAC  Performance  in  'Smart'  Buildings 

805      Molded  Concrete  Center  Mine  Wall  —  An  extruded  structure  would 
provide  ventilation  and  roof  support 
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General  Rotorcraft  Aeromechanical  Stability 
Program  (Grasp) 

A  modern  approach  to  Rotorcraft  Modeling 

The  General  Rotocraft  Aeromechanical  Stability  Program  (GRASP)  is  capable 
of  treating  the  nonlinear  static  and  linearized  dynamic  behavior  of  structure 
represented  by  arbitrary  collections  of  rigid-body  and  beam  elements  that  may 
be  connected  in  an  arbitrary  fashion  and  are  permitted  to  have  large  relative 
motions.     The  main  limitation  is  that  periodic  coefficient  effects  are  not  treat- 
ed, restricting  the  solutions  to  rotocraft  in  axial  flight  and  ground  contact  con- 
ditions.    Rather  than  following  in  the  footsteps  of  other  rotocraft  programs, 
GRASP  is  more  of  a  hybrid  between  finite  element  programs  and  spacecraft- 
oriented  multibody  programs.     GRASP  differs  from  standard  finite-element  pro- 
grams by  allowing  multiple  levels  of  substructures  in  which  the  substructures 
can  move  and/or  rotate  relative  to  others  with  no  small-angle  approximations. 
This  capability  facilitates  the  modeling  of  rotocraft  structures,  including  the 
rotating/nonrotating  interface  and  details  of  the  blade/root  kinematics  for  vari- 
ous rotor  types. 

The  GRASP  program  was  written  using  modern  program  design  methods.     GRASP 
is  written  almost  exclusively  in  ANSI-standard  RORTRAN  77  with  machine  de- 
pendencies isolated  to  a  few  of  the  lowest-level  routines.     The  primary  principle 
guiding  the  design  and  implementation  of  CRASP  is  clarity.     At  the  implementa- 
tion level,  clarity  is  enhanced  by  adhering  to  coding  standards  that  include  ex- 
tensive use  of  comments,  definition  of  all  variables,  structured  coding,  and  for- 
mat conventions  related  to  indentation,  spacing,  and  overall  subroutine  structure. 

GRASP  is  a  general-purpose  program  which  treats  the  nonlinear  static  and  linear- 
ized dynamic  behavior  of  rotocraft  represented  by  arbitrarily  connected  rigid 
body  and  beam  elements.     Large  relative  motions  and  deformation-induced  dis- 
placements and  rotations  are  permitted  (as  long  as  the  strains  in  the  beam  ele- 
ment are  small).     Periodic  coefficients  are  not  treated,  restricting  the  solutions 
to  rotorcraft  in  axial  flight  and  ground  contact  conditions.     Time-history  solu- 
tion procedures  are  not  considered. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available  from  NTIS, 
Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A174161/NAC 

Price  code:     A02 
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US  Army  Corps 
of  Engineers 

Construction  Engineering  PO  Box  4006 

Research  Laboratory  Champaign. I  61820 


Standing  Seam  Metal  Roofing 

A  study  by  the  U.S.  Army  Corp  of  Engineers  reviewed  current  standing 
seam  metal  roofing.     This  overview  will  be  of  interest  to  anyone  involved 
with  this  roofing  method  as  it  studies  current  techniques  and  discusses 
products  available  from  more  than  one  hundred  companies. 

Standing  seam  metal  roofing  has  evolved  from  a  hand-crafted,  labor-inten- 
sive product  to  a  very  mechanized,  highly  technical  system  of  parts.     In 
contrast  to  the  few  standard  hand-formed  seam  profiles  formerly  available, 
a  wide  variety  of  complex,  machine-formed  profiles  are  now  manufactured. 

Standing  seam  metal  roofing  is  an  excellen.t  system  to  use  under  certain 
conditions:     the  roof  should  have  relatively  few  penetrations  (e.g.,  plumbing 
vent  stacks,  skylights  and  equipment  curbs),  the  roof  form  should  be  fairly 
simple,  the  roof  slope  should  be  no  less  than  1,  4  in  12,  and  thermal  expan- 
sion and  contraction  of  the  metal  roof  should  be  accommodated  in  the  de- 
tails design. 

The  importance  of  careful  detailing  cannot  be  overstressed:     Poor  detailing 
can  cause  a  metal  roof  to  literally  tear  itself  apart  in  a  very  short  time. 
From  the  discussion  of  good  and  bad  points  of  each  detail  reviewed,  it  should 
be  clear  what  constitutes  a  good  design. 

FOR  ADDITIONAL  INFORMATION: 
To  discuss  items  not  in  the  report, 
please  contact: 

Mr.  Myer  Rosenfield 

U.S.  Army  Construction  Engineering 

Research  Laboratory 
P.O.  Box  4005 
Champaign,  IL  61820-1305 
Order  number:     AD-A172614 
Price  code:     AO 
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Self-Cleaning  Air  Filter  for  Diesels 

Conceptual  unit  would  agglomerate  dust 
into  larger  particles  for  efficient  removal. 


A  concept  has  been  evaluated  for  an  agglo- 
merating self-cleaning  air  filter  for  diesel-powered 
vehicles.  The  evaluation  for  the  U.S.  Army  Tank- 
Automotive  Command  showed  that  the  concept 
can  provide  a  significant  improvement  over  stan- 
dard systems  with  respect  to  service  life.  An  air- 
cleaner  system  based  on  the  agglomeration  con- 
cept would  fill  the  void  between  large  self-cleaning 
air-filter  units  and  small  cylindrical  filters. 

According  to  the  concept,  dusty  air  enters  an  ag- 
glomerator,  where  the  dust  particles  are  held  tem- 
porarily while  they  coalesce  into  large  particles.  At 
a  predetermined  level  of  agglomeration  (indicated 
by  pressure  drop),  the  particles  are  released  to  an 
inertial  separator,  where  they  are  removed  from 
the  airstream.  Because  the  separator  operates  on 
particles  that  are  much  larger  than  the  original  dust 
particles,  its  efficiency  is  high.  Because  the  ag- 
glomerated particles  are  periodically  removed,  the 
system  is  self-cleaning. 

Technical  feasibility  of  the  concept  was  eval- 
uated though  laboratory  testing  of  candidate  ag- 
glomerating media  and  through  a  design-parame- 
ter study  of  the  agglomerator,  inertial  separator, 
filter  integration,  and  system  operation.  Several 
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An  Agglomerating  Air  Filter  would  function  even  m 
zero-visibility  dust  conditions.  The  filter  would  allow  a 
minimum  service  life  of  100  hours. 

factors  were  used  to  evaluate  the  media:  initial  re- 
sistance as  a  function  of  airflow,  dust-loading  and 
pressure-drop  recovery,  improvement  in  inertial 
separator  efficiency  (an  indirect  measure  of  ag- 
glomerate transport),  overall  operating  efficiency, 
and  physical  characteristics. 

FOR  ADDITIONAL  INFORMATION 

Kxj  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  -aportisj 

Agglomerating  Sell-Cleaning  Kr  Qeanei 

Order  number  ADA1676Z9/NAA 

Price  code  A07 
Order  troth 

National  Technical  Intimation  Service 

5285  Fort  Royal  Road 

Spnnglield.  U4  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  trom  the  use  ot  the  information 
contained  In  this  document,  or  warrants  that  such  use  will  be  tree  trom  privately  owned  rights 
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REMOVAL  OF  HYDROFLUORIC  ACID  FROM  GAS  STREAMS 

BY  SOLID  SORBENTS 


Removal  of  hydrofluoric  acid  (HF)  vapor  from 
vent  gas  streams  by  reaction  with  solid,  calcium- 
based  sorbents  has  been  investigated  as  an. 
alternative  to  wet  scrubbing  (the  standard 
technique).  The  dry  process  has  the  potential 
advantage  of  producing  the  same  end  product  as 
the  wet  technique — calcium  fluoride — without 
having  the  necessity  of  the  intermediate  aqueous 
slurry. 

The  gas  stream  studied  consisted  of  HF, 
water,  and  nitrogen.  Limestone,  marble,  and 
quicklime  were  investigated  as  potential  solid 
sorbents;  only  the  quicklime  was  found  to  be 
satisfactory.  Using  quicklime  particles  slaked  in  a 
packed-bed  reactor,  nearly  total  HF  removal  was 
achieved  with  90%  calcium  utilization  efficiency. 


The  current  study  results  are  based  on  bench- 
scale  testing  using  a  one-inch-diameter  packed- 
bed  reactor.  Potential  uses  include  scrubbing  of 
acidic  vent  gas  streams.  This  technique  is  easily 
applied  to  small  gas  streams,  particularly  those 
with  low  concentrations  of  HF. 

Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192. 

C.  H.  Brown,  Jr.,  and  V.  L.  Fowler,  Removal  of  Hydrofluoric 
Acid  from  Gas  Streams  by  Solid  Sorbents,  ORNL/TM-9243, 
Oak  Ridge  National  Laboratory  (January  1985). 
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Desulfurizing  Coal  With  an  Alkali  Treatment 

A  simplified,  fluidized-bed  process  removes  most  of  the  sulfur. 


Manometer 


i     Nitrogen 
i     Cylinder 


Porous  Silica 
Flow  Distributor 
for  Fluldlzed  Bed 


Receiving 
Flask 


Nitrogen  or  Steam  Flows  Through  a  Bed  of  coal  In  a  reactor.  Alkalies  react  with  sulfur,  removing  It  from  the  coal.  The  nitrogen  flow  fluidizes 
the  bed  while  It  Is  heating  or  cooling;  the  steam  is  the  fluldizlng  medium  during  the  reaction. 


An  experimental  coal-desulfurization 
process  uses  alkalies  and  steam  in  a 
fluidized-bed  reactor.  With  a  highly  volatile, 
high-sulfur  bituminous  coal,  the  process 
removed  98  percent  of  the  pyritic  sulfur 
and  47  percent  of  the  organic  sulfur.  The 
process  can  be  used  in  coal  liquefaction 
and  in  production  of  clean  solid  fuels  and 
synthetic  liquid  fuels. 

The  fluidized  bed  ensures  good  mixing 
and  isothermal  reaction.  The  process  Is 
based  on  the  displacement  of  sulfur  by 
alkalies  and  the  conversion  of  sulfur  to 
the  sulfide  form.  Unlike  other  displace- 
ment processes,  however,  the  new  pro- 
cess adds  the  alkalies  to  the  coal  in  water 
solution  instead  of  as  molten  material;  it  is 
therefore  simpler,  safer,  and  more  conve- 
nient and  avoids  excessive  alkali  use.  The 
use  of  steam  in  the  process  helps  to 
reduce  the  loss  of  volatile  matter  and  to 


increase  the  extraction  of  mineral  matter 
in  addition  to  sulfur. 

The  process  has  been  demonstrated 
in  a  laboratory  (see  figure).  The  apparatus 
included  a  quartz  fluidized-bed  reactor  of 
1  -in.  (2.5-cm)  diameter  and  30-in. 
(76.2-cm)  length,  a  source  of  steam,  a 
preheater,  a  reflux  condenser,  and  a 
scrubber.  The  reactor  and  connecting 
lines  were  well  insulated  to  prevent  the 
steam  from  condensing  in  them. 

In  the  experiment,  50  g  of  pulverized 
coal  were  added  to  1 00  ml  of  a  solution  of 
equal  amounts  of  sodium  hydroxide  and 
potassium  hydroxide  in  water.  The  total 
alkali  content  was  20  weight  percent  of 
the  solution.  After  the  coal  was  soaked  in 
the  solution  for  2  hours  the  water  was 
allowed  to  evaporate.  The  coal  was  then 
dried  in  an  oven  at  100°C  for  4  hours. 

The  dry  coal  was  loaded  in  the  reactor 


and  fluidized  with  nitrogen.  After  the  reac- 
tor temperature  reached  a  temperature 
between  250  and  500*0.  steam  was 
substituted  as  the  fluidizmg  medium. 
After  30  to  60  mm  of  reaction  time,  the 
heaters  were  switched  off.  and  the  nitro- 
gen flow  was  resumed  while  the  reactc 
cooled. 

The  processed  coal  was  removed  ana 
washed  alternately  with  hot  and  co*d  dis- 
tilled water  until  it  was  free  of  alkali  An  r>- 
termediate  acid  wash  with  dilute  hydro- 
chloric acid  expedited  the  washrtg  pro- 
cess. Finally,  the  coal  was  dned  n  an 
oven  and  analyzed  for  sulfur  content 

It  is  likely  that  sulfur  removal  can  be  rv 
creased  further  by  optimizrtg  such  pro- 
cess variables  as  the  concentratcn  and 
composition  of  the  alkali  mixture,  the  coal 
characteristics,  and  the  temperature  and 
duration  of  the  steam  treatment  For  ax- 
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ample,  the  proportion  of  potassium 
hydroxide  in  the  mixture  seems  to  affect 
the  extent  of  sulfur  removal.  Moreover, 
the  reaction  may  proceed  efficiently  at 

temperatures  below  250  °C,  which  was  ,— 

the  nominal  steam  temperature  available 

in  the  laboratory.  t 

This  work  was  done  by  Maddury  " 

Ravindram  and  John  J.  KaMnskas  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-16366  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Array  of  Shaped  Heat  Pipes 

Heat  would  be  distributed  evenly  over  a  cone. 


Heat 
Source 


Heat  Pipes 


FULLY  DENSE  HEAT-PIPE 
ARRAY 


HALF-DENSE  HEAT-PIPE 
ARRAY 


HEAT-PIPE  ARRAY  WITH 
CONSTANT  GAPS 


Midpoint 


Note:  The  pipe  can  be  truncated  at 
places  other  than  those  shown 


GENERAL  SHAPE  TAPERED  PIPE 


Each  Heat  Pipe  in  a  conical  array  Is  tapered  to  increase  the  width  of  the  radiating  outer  surface  with  increasing  distance  toward  tne  base 
of  the  cone.  As  a  result,  the  heat  flux  delivered  to  all  parts  of  the  conical  surface  is  more  nearly  uniform. 


A  conceptual  array  of  specially 
shaped  heat  pipes  would  distribute  heat 
from  a  small  source  near  the  apex  of  a 
cone  to  an  array  of  receptors  on  the  con- 
ical surface.  Intended  originally  for  evenly 
spreading  out  the  heat  from  a  small  nu- 
clear reactor  to  an  array  of  thermoelectric 
converters  on  a  spacecraft,  the  shaped- 
heat-pipe  concept  may  be  applicable  to 
solar-energy  and  other  terrestrial  systems 
requiring  the  spatially  controlled  distribu- 
tion of  large  heat  fluxes. 

In  the  case  of  the  small  reactor,  the 
heat  pipes  are  coupled  radiatively  to  the 
thermoelectric    elements,    which    are 


mounted  on  the  inside  of  an  outer  radiat- 
ing conical  surface,  just  outside  the  con- 
ical heat-pipe  array.  Near  the  apex  and 
the  reactor  heat  exchangers,  the  heat 
pipes  are  spaced  close  together.  As  the 
pipes  spread  out  toward  the  base  of  the 
cone,  the  spacing  increases  by  a  factor 
of  2.4.  It  is  estimated  that  the  decreased 
heat-flux  density  at  the  widest  separation 
would  reduce  the  thermoelectric  temper- 
ature drop  by  about  100  °C  if  convention- 
al heat  pipes  were  to  be  used. 

In  the  new  heat-pipe  concept,  the 
width  of  the  radiating  face  would  in- 
crease, and  the  cross-sectional  area  of 


the  pipe  (looking  along  its  length)  would 
decrease  toward  the  base  of  the  cone. 
By  compensating  for  the  increase  o<  dis- 
tance between  pipe  center  imes.  ths 
feature  would  increase  the  average  raoV 
ated  power  per  unit  area  m  the  conca*- 
base  region. 

The  choice  of  heat-poe  shape  and 
size  is  determined  in  part  by  the  re- 
quirements of  heat  transfer  For  exam- 
ple, a  pair  of  simple  parabolic  equators 
incorporating  these  requirements  gnw 
the  required  and  available  cross-sechon- 
al  areas  for  a  tapered  pee  with  a  rec- 
tangular cross  section,  the  aspect  rate 
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of  which  changes  along  the  length  of  the 
pipe  (see  figure). 

The  fabrication  process  for  a  tapered 
pipe  like  that  of  the  figure  has  not  been 
developed.  However,  in  an  experiment, 
an  ordinary  1/2-in.  (13-cm)  copper  tube 
was  easily  forced  into  such  a  shape  by 


pinching  with  C-clamps  between  rigid, 
flat  metal  bars.  Inasmuch  as  this  kind  of 
shaping  does  not  change  the  tube  perim- 
eter significantly,  it  may  not  do  excessive 
damage  to  heat-pipe  wicks  and  arteries 
inside.  It  may  also  be  possible  to  install 
wicks  and  arteries  after  the  wall  has 


been  shaped. 

777/s  work  was  done  by  Aaron  Kirpich 
of  General  Electric  Co.  for  NASA's  Jet 
Propulsion  Laboratory. 

NPO-16445/TN 
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Reducing  Fatigue  in  a  Rotary  Flowmeter 

Vanes  are  repositioned  to  reduce 
cyclic  buffeting  of  rotor  blades. 


The  redesign  of  the  vanes  that  straight- 
en the  flow  of  liquid  in  a  rotary  flowmeter 
increases  the  fatigue  lives  of  the  vanes 
and  rotor.  The  purpose  of  the  vanes  is  to 
eliminate  turbulence  so  that  the  propor- 
tionality between  the  flow  and  the  rotor 
speed  is  constant. 

Originally,  the  vanes  of  the  straightener 
were  arranged  in  a  hexagonal  pattern 
reminiscent  of  a  honeycomb  or  a  distort- 
ed eggcrate.  A  radial/azimuthal  distorted- 
eggcrate  pattern  was  also  tried.  These 
configurations  yielded  accurate  meas- 
urements, but  the  full  length  of  the  wakes 
of  the  vanes  impinged  on  the  blades  every 
time  they  aligned  —  12  times  per  blade 
per  revolution.  This  repeated  buffeting 
and  the  blade/vane  interactions  via  the 
wakes  eventually  caused  fatigue  failure 
in  the  blades  and  vanes.  Spiral  vanes 
were  substituted.  As  expected,  they 
reduced  buffeting,  but  turbulence  in- 
creased and  accuracy  suffered. 

Finally,  the  designers  of  the  instrument 
resorted  to  a  rectangular  eggcrate  ar- 
rangement (see  figure).  Now  the  rotors 
and  vanes  never  align.  The  lifetimes  of 
the  rotor  blades  and  the  vanes  are  pro- 
longed as  a  result.  The  nonuniform  spac- 
ing of  the  vanes  does  not  reduce  ac- 
curacy. 

This  work  was  done  by  G.  V.  R.  Rao  of 
Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center.  No  further 
documentation  is  available.  MFS-29038 
/TN 
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Nonuniform  but  Symmetrical,  the  new  spacing  of  straightener  vanes  prevents  the  flow  wake 
from  strongly  Interacting  with  the  rotor  blades.  At  the  same  time,  the  vanes  ensure  accurate 
flow-rate  measurement. 
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Braking  System  for  Wind  Turbines 

An  operating  turbine  would  be  stopped 
smoothly  by  a  fail-safe  mechanism. 


Present  braking  systems  for  wind-tur- 
bine generators  are  inadequate  for  future 
wind-turbine  requirements.  These  braking 
systems  are  so  small  and  so  deficient  in 
capability  and  reliability  that  they  almost 
appear  to  be  afterthoughts  of  the  wind- 
turbine  designs.  The  material  selection  of 
these  braking  systems  (low-carbon  steel) 
contributes  to  their  inability  to  stop 
anything  other  than  a  slowly-rotating,  low- 
power  wind  turbine  and  to  act  as  a  "park- 
ing" brake  during  shutdown. 

The  capability  and  reliability  of  wind- 
turbine  braking  systems  can  be  improved 
by  a  braking  system  that  consists  of  two 
large  steel-alloy  disks  mounted  on  the  high- 
speed shaft  of  the  gear  box,  and  a  brake- 
pad  assembly  mounted  on  a  bracket  fast- 
ened to  the  top  of  the  gear  box.  Lever  arms 
(with  brake  pads)  are  actuated  by  spring- 


powered,  pneumatic  cylinders  connected 
to  these  arms.  The  springs  give  a  specific 
spring-loading  constant  and  exert  a  pre- 
determined load  onto  the  brake  pads 
through  the  lever  arms. 

The  pneumatic  cylinders  are  actuated 
positively  to  compress  the  springs  and 
disengage  the  brake  pads  from  the  disks. 
During  a  power  failure,  the  brakes  automa- 
tically lock  onto  the  disks,  thereby  produc- 
ing highly  reliable,  fail-safe  stops-  Thus,  the 
system  can  double  as  a  stopping  brake 
and  a  "parking"  brake. 

The  commercial  brake-pad  material 
used  in  this  system  is  a  high-temperature, 
high-friction  material.  The  brake  pads  have 
large  face  areas  in  order  to  ensure  a  more 
uniform  distribution  of  the  absorbed  en- 
ergy by  the  disks. 

The  braking  system  can  stop  a  normally 


running  wind-turbine  generator  smoothly 
and  uniformly  without  any  vibration  or  chat- 
tering that  would  damage  the  bearings  and 
gears  of  the  gearbox.  Because  the  system 
is  capable  of  absorbing  300  kW  of  con- 
stantly generating  power  for  90  seconds 
from  an  overspeeding  wind-turbine  gen- 
erator, it  allows  the  operators  to  yaw  the 
wind  turbine  generator  sufficiently  out  of 
the  wind  and  thereby  stop  the  overspeed- 
ing of  the  wind-turbine  generator. 

This  work  was  done  by  Joseph  E. 
Krysiak  and  Frank  E.  Webb  for  Lewis 
Research  Center.  No  further  documenta- 
tion is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Lewis  Re- 
search Center  Refer  to  LEW-14337/TN 

Lewis  Research  Center 

Technology  Utilization  Officer: 

Daniel  G.  Soltis 

Mail  Stop  7-3 

21000  Brookpark  Road 

Cleveland,  OH  44135 

(216)  433-5567 

Patent  Counsel: 

Gene  E.  Shook 

Mail  Code  60-2 

21000  Brookpark  Road 

Cleveland,  OH  44135 

(216)  433-5753 
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Vibration-Resistant  Support  for 
Halide  Lamps 

The  lamp  envelope  is  protected  against  breakage. 


A  support  cushions  a  metal  halide  arc 
lamp  against  vibration  and  allows  it  to  ex- 
pand and  contract  as  it  heats  or  cools. 
The  support  replaces  one  that  tended  to 
crack  the  quartz  lamp  envelope  by  exert- 
ing stresses  during  vibration  and  thermal 
cycles. 

Previously,  the  spider  arms  at  the  top 
were  brazed  directly  to  the  anode  lead, 
(see  top  of  figure).  When  the  lamp  was 
vibrated,  the  arms  transmitted  tension 
and  shear  forces  that  fractured  the 
quartz  arms,  and  the  halide  gases  in  the 
lamp  escaped.  The  bottom  was  support- 
ed by  a  beryllium/copper  finger  stock, 
which  also  served  as  an  electrical  con- 
nection to  the  cathode.  Eventually  the 
stock  was  annealed  by  the  heat  of  the 
lamp.  At  temperatures  over  450  °C,  the 
stock  lost  its  spring  and  made  only  inter- 
mittent contact  during  vibration. 

The  new  support  holds  the  lamp  with  a 
pair  of  tungsten-coil  garters  —  one  at  the 
anode  arm  of  the  lamp  and  the  other  at 
the  cathode  arm  (see  bottom  of  figure). 
The  lamp  floats  within  the  garter  re- 
straints. The  garters  absorb  vibrations 
and  accommodate  the  thermal  expan- 
sion and  contraction  of  the  lamp.  They 
apply  compression  forces,  which  the 
quartz  lamp  arms  can  withstand  better 
than  they  can  withstand  tension  or  shear. 

The  garters  are  held  by  Kovar  (or  equi- 
valent) Fe/Ni/Co  alloy  rings.  Three  spider 
arms  support  the  top  (anode)  ring.  The 
bottom  (cathode)  ring  rests  on  a  ceramic 
standoff. 

The  garters  are  made  of  tungsten  wire 
of  0.01 0-in.  (0.25-mm)  diameter,  wound 
into  a  helix  of  about  0.1 -in.  (2.5-mm) 
diameter.  A  length  of  the  helix  is  cut  to 
size  and  wrapped  around  the  lamp  arm. 
Four  or  five  turns  are  entwined  at  the 
ends  so  that  the  coiled  wke  encircles  the 


Spider  Arm 
(One  of  Three) 


Hous.ng 


Ceramic 
Standoff 


Finger-Stock 
Connection 

Tenslonally  Loaded 
Tungsten  Rod 
(Cathode  End) 


OLD 


Wire 


NEW 


^y  : 


Old  and  New  Mount*  for  a  halide  arc  lamp  are  sealed  In  a  housing  with  a  parabolic  reflector 
and  a  quartz  window.  The  new  version,  however,  supports  the  lamp  with  compliant  garters 
Instead  of  a  rigid  brazed  joint  at  the  top  and  a  dimensionally  unstable  finger  stock  at  the  bot- 
tom. 
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arm  snugly. 

The  electrical  connections  to  the  lamp 
leads  are  twisted  pairs  of  nickel  wire 
0.020  in.  (0.51  mm)  in  diameter.  A  wire 

pair  is  brazed  to  the  tungsten  lead  at  the  — 

lamp  end  and  is  screwed  and  soldered  by  I 

a  lug  to  a  connector  pin  at  the  other  end. 

This  work  was  done  by  John  Kiss  of  ILC 
Technology,  Inc.,  for  Johnson  Space 
Center.  No  further  documentation  is 
available. 
MSC-20523/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Improved  Stud  Designs  for  Wood/Metal 
Joints 

Load-transfer  capacities  and  resistances 
to  fatigue  are  increased. 


A  series  of  high-strength  bonded-stud 
designs  have  been  developed  for  joining 
laminated  wood  to  metal.  Test  results  for 
the  bonded-stud  designs  demonstrated 
that  joint  strengths  approaching  10,000 
to  12,000  psi  (69  to  83  MPa)  in  ultimate 
strength  and  5,000  psi  (34  MPa)  in  high 
cycle  fatigue  strength  of  the  wood/epoxy 
composite  could  be  achieved. 

Laminated  wood  that  is  manufactured 
by  bonding  1/10-in.  (2.5-mm)  thick  ve- 
neers (plies)  together  with  epoxy  resin  is 
low  in  cost  and  maintenance,  and,  in  the 
grain  direction,  has  high  specific  strength 
(strength-to-density  ratio)  and  high 
specific  stiffness  (modulus-to-density 
ratio).  These  qualities  make  it  an  attrac- 
tive candidate  material  for  such  items  as 
the  blades  for  a  large  horizontal-axis  wind 
turbine. 

One  major  engineering  problem  for 
this  application  was  connecting  the 
laminated  wood  blades  to  a  steel  hub. 
The  best  solution  employed  a  series  of 
bonded  steel  studs. 

The  program  started  with  a  baseline 
stud  design  consisting  of  a  threaded 


cylindrical  body  embedded  in  the  wood 
by  casting  in  place  in  a  constant-diameter 
hole.  The  casting  material  was  a  filled  and 
thickened  epoxy.  The  maximum  stud 
loads  achieved  from  these  early  stud 
concepts  were  equivalent  to  wood 
strengths  of  about  5,000  psi  (34  MPa) 
statically  and  1,750  psi  (12  MPa)  in  high 
cycle  fatigue.  These  strengths  were  well 
below  the  laboratory-demonstrated 
strength  of  the  wood/epoxy  composite.  It 
was  believed  that  the  stud  design  could 
be  reconfigured  to  provide  greater  load- 
transfer  capacity  and  achieve  a  50-  to 
100-percent  improvement  in  the  struc- 
tural capability  of  the  bonded-stud  joint. 

This  program  resulted  in  improved 
stud  designs  that  provided  significant  in- 
creases in  both  static  and  fatigue 
strengths.  Bonded  steel  studs  achieved 
ultimate  strengths  on  the  order  of 
100,000  lbs  (440  kf\l)  in  a  3-in.  (7.6-cm) 
square  block.  It  was  possible  to  develop 
joint  efficiencies  in  fatigue  on  the  order  of 
1 00  percent  of  the  capability  of  the  parent 
wood. 

Among  the  features  of  the  improved 


stud  designs  were  the  folio/. 

1 .  The  shear  planes  in  the  wood  at  the  in- 
terface between  the  epox/  ar' 
wood  were  broken  up  by  using  a  tap- 
ered hole.  Step-taper,  linear-taper,  and 
nonlinear-taper  designs  were  ail 
developed. 

2.  The  hollowing  of  the  tip  end  of  the  stud 
provided  a  "softer"  load  transition  and 
reduced  the  local  shear  stress. 

3.  The  stud  modulus  was  properly 
matched  to  the  wood  modulus. 

4.  Carbon-fiber  filler  in  the  resn  improved 
the  fatigue  capability  of  the  stud  jont. 
compared  to  that  of  the  baseline  asbes- 
tos fiber  filler  The  carbon  filler  was  a'so 
environmentally  safer 

This  work  was  done  by  James  R 
Faddoul  of  Lewis  Research  Center, 
Michael  Zuteck  of  Gougeon  Brothers.  Inc 
and  Greg  Skaper  of  IIT  Research  institute 
Further  information  may  be  found  in  NASA 
TM-87109  [N86- 1 0582/NSP].  - '  Improved 
Stud  Configurations  for  Attach 
Laminated  Woodwind  Turbine  Blades  " 

Copies  may  be  purchased  from  the 
National  Technical  information  Service. 
Springfield.   Virginia  22161.  [A83] 
LEW-14365'TN 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Computing  Jet- 

Exhaust/Crossffiow 

Interactions 

Outputs  include  velocity  and 
pressure  fields,  forces,  and 
moments. 


The  JETPLT  and  JETBOD  programs 
were  developed  to  predict  the  velocity  and 
pressures  induced  by  subsonic  jets  ex- 
hausting into  a  suosonic  free  stream. 
JETPLT  predicts  pressures  induced  on  an 
infinite  flat  plate  by  a  jet  exhausting  at 
angles  to  the  plate.  JETBOD,  in  conjunc- 
tion with  a  panel  code,  predicts  pressures 
induced  on  a  body  of  revolution  by  a  jet  ex- 
hausting perpendicularly  to  the  surface. 
These  programs  have  been  used  to  in- 
vestigate the  interactions  between  jet  ex- 
hausts and  crossflows  in  vertical/short- 
takeoff-and-landing  aircraft  shifting  from 
hover  to  forward  flight,  where  the  induced- 
pressure  loading  can  lead  to  a  reduction  in 
lift. 

Both  programs  use  a  potential  model  of 
the  jet  and  adjacent  surface  with  empirical 


corrections  for  viscous  or  nonpotential  ef- 
fects. The  analytical  method  can  optionally 
include  models  for  the  blockage  and  en- 
trapment properties  of  the  jet.  Input 
variables  include  the  ratio  of  the  jet- 
exhaust  speed  to  free-stream  speed,  the 
size  and  shape  of  the  jet,  the  body-control 
points,  and  the  inclination  of  the  jet.  The 
JETBOD  input  requires  the  body-of- 
revolution  shape  from  a  modified  potential- 
flow  program,  which  is  included  in  this 
package.  Output  from  JETPLT/JETBOD 
consists  of  induced-velocity  fields, 
pressures,  and  coefficients  for  the  normal 
force  and  the  pitching  moments. 

JETPLT/JETBOD  is  written  in  FORTRAN 
77  for  batch  execution  and  has  been  im- 
plemented on  a  DEC  VAX  series  computer 
operating  under  VMS  with  a  central- 


memory  requirement  of  approximately 
359K  of  8-bit  bytes.  This  program  was 
developed  in  1984. 

This  program  was  written  by  S.  C. 
Perkins,  Jr.,  and  M.  R.  Mendenhall  of 
Nielsen  Engineering  and  Research,  Inc., 
for  Ames  Research  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel.  Ames  Re- 
search Center  Refer  to  ARC-11597/TN 
FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC^ 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Nat  ioi  lal  Aeroi  iautics  ar  id 
Space  Administration 


Computer 
Software 


Calculating  Sonic-Boom 
Propagation 

Nonlinear  effects  are  in- 
cluded, enabling  more- 
realistic  modeling. 


The  Modified  Method  of  Characteristics 
Sonic  Boom  Extrapolation  Program 
(MMOC)  is  a  computer  program  for  sonic- 
boom  propagation  that  includes  shock 
coalescence  and  incorporates  the  effects 
of  asymmetries  due  to  volume  and  lift. 
MMOC  numerically  integrates  the  non- 
linear governing  equations  using  data  on , 
an  initial  data  line  approximately  one  body 
length  from  the  aircraft  and  yields  the 
sonic-boom  pressure  at  the  ground  as  a 
function  of  time  or  of  position  at  a  given 
time. 

Variations  in  entropy,  enthalpy,  and  gra- 
vitational effects  are  accounted  for  in  the 
governing  equations,  and  because  non- 
linear terms  are  retained  in  the  equations, 
extrapolation  can  begin  nearer  the  body, 
where  nonlinear  effects  are  strong.  This 
feature  of  MMOC  allows  wind-tunnel  sonic- 
boom  models  to  be  built  up  to  3  ft  (0.9  m)  in 
length  and  thus  enables  more  detailed, 
realistic  models  than  did  the  previous  6-in. 
(15-cm)  sizes. 


The  method  of  solution  is  based  on  an 
extension  of  the  axisymmetric  solution. 
A  second  set  of  governing  equations  is 
developed  by  taking  the  circumferential 
derivatives  of  the  standard  governing 
equations,  and  asymmetries  are  felt  by  an 
iterative  solution  between  the  two  sets  of 
equations.  Initial  flow-field  data,  circumfer- 
ential derivatives  of  flow-field  data,  and 
shock  locations  are  required  on  the  initial 
data  line  approximately  one  body  length 
from  the  aircraft.  These  data  may  be  sup- 
plied from  numerical  methods  or  from  ex- 
perimental methods.  The  method-of -char- 
acteristics approach  used  in  MMOC  allows 
large  computational  steps  to  be  taken  in 
the  radial  direction  without  loss  of  ac- 
curacy. 

The  data  required  by  MMOC  include  the 
mach  number,  shock  angle,  flow  angles, 
and  temperature.  When  the  calculations 
reach  the  ground  level,  the  overpressure 
and  locations  are  printed,  allowing  the  user 
to  plot  the  pressure  as  a  function  of  time  or 


of  position  at  a  given  time.  The  MMOC 
package  contains  a  uniform-atmospnere 
pressure-field  program  and  interpolation 
routines,  which  were  used  to  generate  re- 
quired input  for  the  sample  cases 

MMOC  is  written  in  FORTRAN  IV  for 
batch  execution  and  has  been  implement- 
ed on  a  CDC  1 70-series  computer  operat- 
ing under  NOS  with  a  central-memory  re- 
quirement of  approximately  223K  of  60tort 
words.  This  program  was  developed  in 
1983. 

This  program  was  written  by  Christine 
M.  Darden  of  Langley  Research  Center 
and  Lu  Ting  of  New  York  University. 
LAR-13473  fTN 
FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC* 

112  Barrow  Hall 
University  of  Georgia 
Athens.  GA  30602 
(404)  542-3265 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Helium  Permeation  Leak  Test  Service 

NBS  has  begun,  on  a  trial  basis,  a  special  test  service  for  helium 
permeation  leaks.     These  "standard  leaks"  are  used  to  calibrate 
helium  leak  detectors,  which  are  in  wide  use  throughout  the  vacuum 
industry.     Helium  leak  detectors  are  also  used,  for  example,  to  ver- 
ify the  seals  on  casks  used  to  ship  spent  nuclear  fuel  rods,  to  test  gas- 
filled  shocks  for  automobiles  and  coolant  systems  for  refrigerators,  and 
to  check  the  integrity  of  integrated  circuit  packages.     This  special  test 
service  offers  measurement  of  leak  rates  from  10-8  to  10-11   moles/ 
second  (2x10-4  to  2x10-7  atm  cc/s  @  0  °C),  and  determines  the  temper- 
ature dependence  of  the  leak  standard  is  an  important—and  often  un- 
recognized-factor in  their  accuracy.     Initial  costs  of  the  service  will  be 
assessed  on  a  case-by-case  basis,  depending  on  the  time  involved,  and 
should  range  from  approximately  $2000,  to  $4000.     NBS,  plans  to  extend 
the  range  of  the  service  and  offer  calibrations  for  gases  other  than  he- 
lium in  the  future. 

FOR  ADDITIONAL  INFORMATION  :  Interested  parties  should  contact 
Dr.  Charles  Ehrlich,  A55  Metrology  Building,  National  Bureau  of  Stan- 
dards, Gaithersburg,  MD  20899;  (301)  975-4834. 


( 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 

Using  An  Anemometer  to  Measure  Gas  Flow  from 
Pipe  Outlets 

No.  272 


Objective 

Provide  the  mining  industry  with 
a  simple,  accurate  and  readily 
available  means  of  measuring 
the  gas  flow  from  pipe  outlets 
such  as  gob  holes. 

Approach 

The  Bureau  of  Mines  conducted 
laboratory  studies  to  establish 
correction  or  method  factors  for 
anemometers  when  used  to 
measure  gas  flow  from  pipe 
outlets. 

Using  the  Anemometer 

Anemometers  are  used  by  the 
mining  industry  to  make  air 
velocity  measurements  in  mine 
entries.  Although  the  instrument 
has  no  appreciable  influence  on 
the  airstream  in  mine  entries,  es- 
pecially  since  the  cross- 
sectional  area  of  an  entry  is 
much  larger  than  the  cross- 
section  of  the  anemometer,  cor- 
rection or  method  factors  are 
used  to  correct  the  center  line 
anemometer  velocity  to  average 
velocity.  This  adjustment  is 
made  because  the  air  velocity  in 
a  mine  entry  is  highest  in  the  cen- 
ter and  lower  at  the  sides.  Ane- 
mometers can  be  used  to  mea- 
sure gas  flow  from  small  diame- 
ter pipe  outlets;  however,  since 
the  instrument  diameter  is  much 
larger  than  one-sixth  of  the  pipe 
diameter,  it  will  influence  the  air- 


stream  from  these  small  outlets. 
Resulting  velocity  measure- 
ments are  erroneously  high  by 
as  much  as  30  percent.  Method 
factors  must  be  applied  to  such 
anemometer  measurements 
taken  at  pipe  outlets.  Through  a 
research  investigation,  the 
Bureau  of  Mines  established  a 
set  of  method  factors  for  center- 
line  anemometer  readings  taken 
at  the  discharge  end  of  4-  to 
8-inch  diameter  pipes.  These 
method  factors  were  combined 
with  method  factors  which  were 
developed  by  the  National  Coal 
Board  of  Great  Britain  for  12-  to 
30-inch    diameter    pipes.    The 


0.90 


anemometer  was  mounted  on 
the  end  of  a  short  rod  and  held 
against  the  pipe  for  support 
except  on  the  4-inch  pipe  where 
the  instrument  was  startec  and 
stopped  remotely  to  prevent 
hand  interference  with  the  air- 
stream  during  measurements. 
Method  factors  were  determined 
by  comparing  the  anemometer 
measurements  at  the  pipe  outlet 
to  the  true  average  airflow  which 
was  simultaneously  determined 
upstream  by  venturi  measure- 
ments. Consequently,  a  method 
factor  is  nothing  more  than  the 
ratio  of  the  true  velocity  to  an 
anemometer  measurement. 


8 
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PIPE  DIAM,   in 
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Method  factors  for  varying  pipe  diameters 
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Method  factors  were  deter- 
mined for  a  wide  range  of  flows 
for  each  pipe  size.  The  data 
were  analyzed  statistically  to 
determine  an  average  method 
factor  for  each  size. 


Method  Factor  Range 

Method  factors  range  from  0.68 
for  4-inch  pipe  to  0.85  for  18- 
inch  pipe.  For  pipe  sizes  larger 
than  18  inches  and  for  mine 
entries,  the  method  factor  is 
0.85.  These  data  indicate  that 
the  anemometer,  when  used  to 


measure  gas  flow  from  a  pipe 
outlet,  always  measures  an 
average  velocity  that  is  much 
greater  than  the  true  average 
velocity.  For  pipe  sizes  from  4  to 
18  inches,  the  anemometer 
tends  to  cause  air  restriction. 
Because  mass  flow  must  be 
conserved,  the  velocity  through 
the  restriction  increases,  and 
consequently  the  anemometer 
records  a  velocity  that  is  much 
greater  than  the  true  velocity. 
For  pipe  sizes  greater  than  18 
inches  and  for  mine  entries,  the 
anemometer  registers  the  cen- 
terline  velocity  which  must  be 


multiplied  by  0.85  to  obtain  the 
average  velocity. 

For  More  Information 

For  additional  information  con- 
cerning the  Bureau's  research  in 
this  area,  please  contact  the 
principal  investigator: 

Fred  Garcia 
U.S.  Bureau  of  Mines 
Pittsburgh  Research  Center 
P.O.  Box  18070 
Pittsburgh,  PA  15236 
Telephone:  (412)  675-6536 
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Licensing 
Opportunity 


Marshall  Space  Flight  Center,  Alabama 


Portable,  Controlled-Load-Rate 
Tension  Tester 

Damaging  mechanical  shocks  are  suppressed. 


A  tensile-testing  machine  for  ceramic 
and  foam  materials  has  a  self-contained 
air  supply  with  a  built-in  airflow  controller. 
Unlike  machines  that  rely  on  external  air 
from  a  fixed  source,  the  new  machine 
can  easily  be  moved  to  the  point  of  use, 
and  loads  are  applied  automatically  at  a 
constant  rate  of  increase,  without  fluc- 
tuations caused  by  manual  control  of  the 
supply  pressure.  In  addition,  the  new 
machine  eliminates  impact  after  failure 
of  a  specimen  so  that  it  does  not  damage  ' 
itself. 

The  machine  tests  cylindrical  plug 
specimens.  First,  a  sheet  of  the  speci- 
men material  is  bonded  to  an  aluminum 
substrate.  Then  a  fly  cutter,  hole  saw,  or 
trepanning  tool  cuts  through  the  sheet  to 
the  substrate  so  that  a  core  or  plug  is 
isolated  from  the  sheet  by  a  cylindrical 
gap.  A  metal  button  is  bonded  to  the  top 
of  the  plug.  The  substrate  and  sheet  are 
mounted  in  the  test  machine,  and  the 
tension  hook  of  a  load  cell  is  attached  to 
the  button  (see  figure). 

The  tester  employs  a  double-acting 
pneumatic  cylinder  with  an  exhaust- 
speed  control  unit  to  apply  tension  to  the 
plug.  The  bottom  and  top  chambers  of 
the  cylinder  are  precharged  with  com- 
pressed air.  An  operator  opens  a  valve 
on  the  top  chamber,  releasing  air  to  the 
exhaust-control  unit,  which  allows  air  to 
flow  through  it  at  a  preset  rate  that  in- 
creases the  tension  on  the  specimen  at 
the  rate  SDecified  in  the  testing  stand- 
ards. 

The  prechargeable  cylinder  chambers 
make  it  unnecessary  to  attach  the  ma- 
chine to  an  air  line.  The  machine  is  there- 
fore mobile  and  more  convenient  for 
users.  The  exhaust-speed  control  unit  en- 
sures a  consistent  loading  rate.  The  con- 
trol unit  also  prevents  the  piston  from  fly- 
ing upward  when  a  specimen  breaks;  the 
air  remaining  in  the  top  cylinder  brakes 
the  piston  so  that  it  do£s  not  strike  the 
cylinder  head  and  damage  the  load  cell. 

In  the  previous  version  of  the  ma- 
chine, an  operator  regulated  a  valve  to 


Rouble-Acting 
Cylinder 


.Compressed 
Air 


.To  Digital 
Display 


Metai  p  ug 
Bonded  to 
Specimen 


Aluminum 
Substrate 


Test 
Specimen 


As  the  Exhaust-Control  Valve  Bleeds  Air  from  the  upper  chamber,  pressure  in  the  lowr 
chamber  forces  the  piston  upward.  Tension  Is  thereby  created  In  the  test  plug.  The  check 
valves  permit  the  two  chambers  to  be  charged  with  high-pressure  air  before  a  test 
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admit  compressed  air  to  the  chamber  of 
a  single-acting  cylinder.  The  increasing 
pressure  applied  increasing  tension  to 
the  specimen,  but  there  was  nothing  to 
restrain  the  piston  when  the  specimen 
fractured  and  failed. 

Other  potential  applications  of  the  ma- 
chine include  tensile  tests  of  large  com- 
posite parts  that  may  contain  localized 
defects  and  adhesion  tests  of  virtually 
any  bonded  structure.  The  machine  can 
be  modified  to  accommodate  standard 
tensile-test  specimens  instead  of  plugs. 


Strain  gauges  could  then  be  used  to  de- 
termine a  variety  of  material  properties, 
including  the  strain  at  failure,  the 
modulus  of  elasticity,  and  Poisson's  ratio, 
in  addition  to  the  tensile  strength.  The 
machine  can  be  adapted  to  compression 
testing  simply  by  attaching  the  exhaust- 
control  valve  to  the  bottom  cylinder  in- 
stead of  the  top. 

777/s  work  was  done  by  Robert  S. 
Jamieson  of  Martin  Marietta  Corp.  for 
Marshall  Space  Right  Center. 

Inquiries  concerning  rights  for  the 


commercial  use  of  this  invention  should 

be  addressed  to  the  Patent  Counsel, 

Marshall  Space  Flight  Center  Refer  to 

MFS-28075./TN 

George  C.  Marshall  Space 

Right  Center 

Technology  Utilization  Officer: 

Ismail  Akbay 

Code  AT01 

Marshal!  Space  Flight  Censer, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight  Center, 

AL  35812 

(205)  544-0014 
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»EPA        Project  Summary 


Technical  Guidance  Document  Construction  Quality 
Assurance  for  Hazardous  Waste  Land  Disposal 
Facilities 


The  U.S.  Environmental  Protection 
Agency's  (EPA's)  construction  quality 
assurance  (CQA)  program  for  haz- 
ardous waste  land  disposal  facilities  is  a 
two-part  program  established  to  en- 
sure that  a  completed  hazardous  waste 
land  disposal  facility  has  been  con- 
structed to  meet  or  exceed  all  design 
criteria,  plans,  and  specifications.  The 
first  part  of  this  program  will  present 
regulations  that  specify  the  use  of  con- 
struction quality  assurance  at  haz- 
ardous waste  land  disposal  facilities 
and  is  being  developed  by  the  Office  of 
Solid  Waste  and  Emergency  Response. 
The  second  part  of  this  program,  ad- 
dressed by  this  Technical  Guidance 
Document  (TGD),  presents  the  ele- 
ments of  a  site-specific  CQA  plan.  This 
TGD  covers  CQA  for  hazardous  waste 
landfills,  surface  impoundments,  and 
waste  piles.  The  major  components  of 
these  facilities  that  are  addressed  in- 
clude foundations,  dikes,  low- 
permeability  soil  liners,  flexible  mem- 
brane liners,  leachate  collection 
systems,  and  final  cover  systems. 

The  CQA  plan  is  a  site-specific  docu- 
ment that  should  be  submitted  during 
the  permitting  process  to  satisfy  EPA's 
CQA  program.  At  a  minimum,  the  CQA 
plan  should  include  five  elements, 
which  are  briefly  summarized  below: 

•  Responsibility  and  Authority — The 
responsibility  and  authority  of  or- 
ganizations and  key  personnel  (by 
title)  involved  in  permitting,  de- 
signing, and  constructing  the  haz- 
ardous waste  land  disposal  facility 
should  be  described  in  the  CQA 
plan. 


CQA  Personnel  Qualifications  — 
The  qualifications  of  the  CQA  offi- 
cer and  supporting  CQA  inspection 
personnel  should  be  presented  in 
the  CQA  plan  in  terms  of  the  train- 
ing and  experience  necessary  to 
fulfill  their  identified  responsibili- 
ties. 

Inspection  Activities — The  obser- 
vations and  tests  that  will  be  used 
to  ensure  that  the  construction  or 
installation  meets  or  exceeds  all 
design  criteria,  plans,  and  specifica- 
tions for  each  hazardous  waste 
land  disposal  facility  component 
should  be  described  in  the  CQA 
plan. 

Sampling  Strategies — The  sam- 
pling activities,  sample  size,  meth- 
ods for  determining  sample  loca- 
tions, frequency  of  sampling, 
acceptance  and  rejection  criteria, 
and  methods  for  ensuring  that  cor- 
rective measures  are  implemented 
as  addressed  in  the  design  criteria, 
plans,  and  specifications  should  be 
presented  in  the  CQA  plan 

Documentation  —  Reporting  re- 
quirements for  CQA  activities 
should  be  described  in  detail  in  the 
CQA  plan.  This  should  include  such 
items  as  daily  summary  reports,  in- 
spection data  sheets,  problem 
identification  and  corrective  meas- 
ures reports,  block  evaluation  re- 
ports, acceptance  reports,  and  final 
documentation.  Provisions  for  the 
final  storage  of  all  records  also 
should  be  presented  in  the  CQA 
plan. 
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The  TGD  describes  these  elements  in 
detail  and  presents  guidance  on  those 
activities  pertaining  to  each  of  the  ele- 
ments that  are  necessary  to  ensure  that 
a  completed  facility  has  been  con- 
structed to  meet  or  exceed  all  design 
criteria,  plans,  and  specifications.  It  is 
intended  for  the  use  of  organizations 
involved  in  permitting,  designing,  and 
constructing  hazardous  waste  land  dis- 
posal facilities,  including  treatment, 
storage,  and  disposal  facilities. 

Concluding  Remarks 

Construction  quality  assurance  for 
hazardous  waste  land  disposal  facilities 


is  one  tool  that  can  be  very  valuable  in 
improving  the  overall  performance  of 
landfills,  surface  impoundments,  and 
waste  piles.  Proper  site  selection,  credi- 
ble designs,  knowledgeable  contrac- 
tors, and  competent  operation  of  the 
completed  facility,  along  with  adequate 
CQA,  all  contribute  to  a  facility  with  a 
reduced  potential  for  failure.  Through 
the  thorough  application  of  a  site- 
specific  CQA  plan,  the  owner/operator 
can  ensure  that  the  completed  facility 
meets  or  exceeds  all  design  criteria, 
plans,  and  specifications. 


Coleen  M.  Northiem  and  Robert  S  Truesdale  are  with  Research  Triangle  Institute, 

Research  Triangle  Park,  NC  27709. 
Jonathan  G.  Herrmann  is  the  EPA  Project  Officer  (see  below). 
The  complete  report,   entitled  "Technical  Guidance  Document:  Construction 
Quality  Assurance  for  Hazardous  Waste  Land  Disposal  Faci'ities, "  (Order  No. 
PB  87-132  825/ AS;  Cost:  $18.95,  subject  to  change)  will  be  available  only 
from: 

National  Technical  Informatiqn  Service 
5285  Port  Royal  Road 
Springfield,  V A  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Hazardous  Waste  Engineering  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Cincinnati,  OH  45268 


Department  of  Energy 


Technology  Application 


Biological  Degradation  of  Phenolic  Wastes 

Bioprocessing  of  Phenol  wastes  eliminates  liquid  landfill  disposal  of 
hazardous  phenolic  wastes  by  biological  degradation.     Researchers  have 
demonstrated  a  process  for  treating  water  contaminated  with  phenol. 
Microorganisms  metabolize  as  much  as  2100  ppm  phenol,  with  the  only 
waste  products  being  carbon  dioxide  and  the  remains  of  dead  microbes. 
The  microbes  multiply  and  do  not  need  to  be  replaced,  and  their  remains 
contain  valuable  metals  such  as  cadmium  and  chromium.     They  are 
capable  of  removing  ten  times  the  amount  of  phenol  as  compared  to  a 
commercial  trickling  filter  system. 

This  process  provides  a  way  of  degrading  an  organic  waste-point  source 
treatment  without  generating  additional  hazardous  or  toxic  wastes.     Its 
potential  use  would  be  in  a  system  that  would  treat  phenolic  waste  gen- 
erated by  such  industries  as  the  aircraft  industry,  hospitals,  and  anyone 
with  hazardous  phenolic  waste. 

FOR  ADDITIONAL  INFORMATION:     Contact: 

Dan  Suciu  or  Paul  Wichlacz 

Idaho  National  Engineering  Laboratory 

P.O.  Box  1625 

Idaho  Falls,  ID  83415 

(208)  526-1149  or  (208)  526-0629 

Refer  to  DOE/INEL-015/TN. 
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LEGISLATIVE  DATABASE:  TRANSPORTATION 
OF  RADIOACTIVE  MATERIALS 


The  Legislative  Database  (LDB)  was  developed 
at  Oak  Ridge  National  Laboratory  by  the  staff  of 
the  Hazardous  Materials  Information  group  (HMI) 
to  serve  the  information  needs  of  DOE's  overall 
transportation  research  and  development  and 
operational  programs. 

The  LDB  is  a  comprehensive  source  of 
information  on  federal,  state,  and  local  legislation 
pertinent  to  the  shipment  of  radioactive  materials. 
The  database  currently  contains  citations  for 
approximately  1600  legislative  actions;  it  includes 
references  to  specific  legislative  actions  that  have 
been  introduced,  enacted,  or  denied  at  federal, 
state,  and  local  levels  of  government.  The  data 
for  each  action  are  formatted  to  provide  a 
mechanism  for  storing,  selectively  searching,  and 
documenting  specific  legislative  actions.  Each 
action  is  indexed  to  reflect  geographical  areas  and 
political  jurisdictions  affected  by  the  action; 
current  status  and  history  of  each  action;  type  of 
transportation  restriction  specified  (e.g.,  escort, 
notify,  permit,  ban,  etc.);  mode  of  transportation 
specified;  specific  subjects  or  topics  identified  in 
the  action;  and  legislative  sponsor.  The  LDB  is 
updated  twice  a  week. 

This  database  is  intended  to  serve  the 
information  needs  of  DOE  and  its  contractors.  All 
reasonable  requests  for  information  from  the  LDB 
are  answered  at  no  cost  to  the  requester. 


Indexes  are  available  for  locale,  bill  number,  title 
word,  sponsor,  transport  mode,  transportation 
restriction,  and  key  words.  HMI  services  include 
performing  topical  searches  of  the  LDB  and  other 
HMI  databases;  performing  computerized 
searches  of  commercially  available  databases; 
publishing  an  annual  report  of  the  adopted  state 
and  local  legislation  from  the  previous  calendar 
year;  and  providing  assistance  in  locating  hard 
copies  of  legislation  referenced  in  the  annual 
report. 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192 

N.  P.  Knox  et  al..  Transportation  of  Radioactive  Materials:  A 
Summary  of  State  and  Local  Legislative  Requirements  for  the 
Period  Ending  December  31,  1985,  ORNL/TM-9985,  Oak 
Ridge  National  Laboratory  (April  1986). 
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National  Institute  for  Occupational  Safety  and  Health 

Department  of  Health  and  Human  Services 


Dust  Controls  for  Wood  Shapers 

The  National  Institute  for  Occupational  Safety  and  Health  (NIOSH)  has 
studied  emissions  and  controls  for  woodworking  machinery.   NIOSH  surveys  of 
furniture  manufacturing  plants  and  auto  model  shops  found  the  worst  wood 
dust  emissions  to  be  from  belt  sanders  and  wood  shapers.   Therefore, 
inexpensive  controls  for  both  pieces  of  equipment  were  developed. 

Wood  Dust  Controls  for  Wood  Shapers 

Controls  for  two  common  setups  of  wood  shapers  were  developed.   The  first 
setup  is  used  to  shape  straight  cuts  of  wood  such  as  window  and  door  trim. 
For  this  work,  a  fence  is  used  to  set  the  cutting  depth,  guide  the  work, 
and  protect  the  operator.   In  this  setup  the  exhaust  hood  is  located  next 
to  the  cutting  head  (Figure  1).   During  evaluation  so  little  dust  escaped 
the  exhaust  system  that,  when  sampling  in  the  operator's  breathing  zone,  it 
was  difficult  to  identify  changes  in  exhaust  flow- settings  or  wood  type. 

The  second  setup  is  commonly  used  to  make  curved  shapes.   The  typical 
exhaust  hood  location  is  on  the  back  edge  of  the  table.   For  maximum  dust 
collection  however,  it  is  more  desirable  to  locate  the  exhaust  hood  nearer 
the  cutting  head  as  long  as  the  operator  can  freely  move  the  workpiece  over 
most  of  the  table.   To  allow  this  movement,  chains  are  used  to  create 
flexible  sides  of  the  hood  extension.   Cloth  covering  over  the  chains 
prevents  high  speed  wood  particles  from  passing  through  the  chain  links. 
Heavy  chain  is  used  to  prevent  the  sides  from  being  drawn  in  by  the 
exhaust.   The  detail  of  this  hood  extension  is  shown  in  Figure  2.   During 
evaluation  this  inexpensive  control  reduced  wood  dust  levels  in  the 
operator's  breathing  zone  significantly  for  particle  board  and  to  normal 
plant  background  levels  for  white  pine  and  oak. 

Wood  Dust  Controls  for  Horizontal  Belt  Sanders 

Controls  were  developed  for  an  inexpensive  auxiliary  ventilation  system  for 
horizontal  belt  sanders  that  reduces  the  dust  escaping  into  the  workroom  by 
more  than  757o.   This  system  can  be  easily  built  into  new  belt  sanders  or 
retrofitted  to  existing  ones.   It  consists  of  two  devices:   a  narrow  slot 
hood  located  between  the  belt  surface  and  the  worktable  downstream  of  the 
sanding  operation,  and  a  jet  stripper  located  inside  the  drive  pulley  hood 
(Figure  3).   In  combination  with  the  standard  exhaust  hood,  both  devices 
increased  the  control  of  dust  in  the  workroom  without  interfering  with 
sanding  operations.   In  addition,  the  jet  stripper  cleaned  the  belt, 
reducing  the  frequency  of  belt  changes. 

Field  testing  showed  a  significant  reduction  in  wood  dust  emission  and 
confirmed  the  laboratory  data  showing  the  effectiveness  of  the  auxiliary 
ventilation  system  in  reducing  workers'  exposures.   This  innovative  control 
approach  provides  significant  improvement  in  the  control  of  wood  dust 
emission  "from  belt  sanders,  does  not  interfere  with  the  operator's  sanding 
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activity,  costs  very  little  to  install,  requires  minimal  maintenance,  and 
extends  belt  life  by  dislodging  dust  that  adheres  to  the  sanding  belt 
surface. 

For  further  information  contact: 

Director,  Division  of  Physical  Sciences  and  Engineering 
National  Institute  for  Occupational  Safety  and  Health, 
4676  Columbia  Parkway 
Cincinnati,  OH  45226 
(513)  684-8326 
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COMPUTER  CODES  TO  ESTIMATE  EFFECTIVE  GROUND  SURFACE 
CONCENTRATIONS  FOR  DOSE  COMPUTATIONS 


MLSOIL  is  a  computer  code  that  implements  a 
five-compartment  linear  transfer  model  to 
calculate  the  concentrations  of  radionuclides  in 
soil  following  deposition  on  the  ground  surface 
from  the  atmosphere.  This  effective  ground 
surface  concentration  is  equal  to:  (computed  dose 
in  air  from  the  concentration  in  soil  layers)/(dose 
factor  for  computing  dose  in  air  from  the 
concentration  on  a  plane).  The  model  considers 
leaching  through  the  soil  as  well  as  radioactive 
decay  and  buildup.  The  element-specific  transfer 
coefficients  used  in  this  model  are  a  function  of 
the  kd  and  environmental  parameters. 

DFSOIL  calculates  the  dose  in  air  per  unit 
concentration  at  one  meter  above  the  ground 
from  each  of  the  five  soil  layers  used  in  MLSOIL 
and  the  dose  per  unit  concentration  from  an 
infinite  plane  source. 

These  models — useful  in  assessing  chronic 
airborne  releases  of  radionuclides — include  both 
computation  of  radioactive  decay  and  ingrowth 
and  leaching  through  multiple  soil  layers  to  enable 


more  accurate  estimation  of  doses  from  exposure 
to  ground  surfaces  than  are  obtained  from 
models  that  do  not  include  both  processes.  The 
models  are  part  of  a  system  of  computer  codes 
for  assessing  radiological  risk  from  atmospheric 
releases  of  radionuclides. 


A  dditional  in  for  ma  tion: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192 

A.  L.  Sjoreen  et  al.,  MLSOIL  and  DFSOIL — Computer  Codes 
to  Estimate  Effective  Ground  Surface  Concentrations  for 
Dose  Computations,  ORNL-5974,  Oak  Ridge  National 
Laboratory  (November  1984). 

C.  F.  Baes  III  et  al..  An  Introduction  to  CRRIS:  A 
Computerized  Radiological  Risk  Investigation  System  for 
Assessing  Atmospheric  Releases  of  Radionuclides 
ORNL/TM-8573,  Oak  Ridge  National  Laboratory  (August 
1985). 
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Manufacturing,  Machinery, 
&  Tools 

762  Quality-Productivity  Improvement  for  Repair  Processes 

763  Predicting  Reliability  of  Mechanical  Components  —  Predic- 
tions take  into  account  the  kinds  of  use  and  environments  to 
which  components  are  exposed. 

764  Drilling  System  Automatically  Drill  Fastener  Holes  in  Aircraft 
Wings 

765  Robot  Must  Change  Tools  at  Automated  Machining  Center 

766  Changes  in  Blade  Configuration  Improve  Turbopump  — 
Cavitation  is  reduced  while  suction  is  increased. 

767  Active-Control  Bearings  for  Rotor  Shafts  —  Vibrations  are 
suppressed  by  feedback  control. 

768  Mechanized  Polishing  of  Optical  Rod  and  Fiber  Ends  —  With 
a  new  mounting  fixture,  the  job  can  be  done  by  a  standard 
machine  instead  of  by  hand. 

769  Quick-Change  Anode  for  Plating  —  Removal  and  replace- 
ment would  be  faster. 

770  Preventing  Oxidation  Near  Gas/Tungsten-Arc  Welds  —  Auxil- 
iary argon  jets  create  a  more  nearly  complete  nonoxidizing 
atmosphere. 

771  Spring-Loaded  Inscribing  Tool  —  Wavy  surfaces  can  be 
marked. 

Testing  &  Instrumentation 

772  In  Process  Measurement  of  Hydrogen  in  Welding 

773  Measuring  Leakage  From  Large,  Complicated  Machinery  —  A 
test  chamber  is  improvised  from  a  large  bag. 

774  Noncontacting  Measurement  of  Shaft  Angle  —  A  fiber-optic 
transducei  offers  several  advantages  over  mechanical  link- 
ages. 


U.S.  Air  Force 

Reliability  Analysis  Center  (RAC) 

Rome  Air  Development  Center,  Griffiss  Air  Force  Base,  NY  13441 


Quality-Productivity  Improvement  for  Repair 
Processes 

A  Quality- Productivity  Improvement  (QPI)  Pilot  for  the  Air 
Force  Logistics  Command  began  at  Aerospace  Guidance  and 
Metrology  Center,  Newark  AFS,  Ohio,  in  September.  QPI  is 
a  combined  management/statistical  approach  to  designing, 
measuring,  and  controlling  high-quality  processes, 
products,  and  services  by  use  of  Deming's  philosophy  and 
Statistical  Process  Control  (SPC)  techniques.  Rather  than 
using  the  traditional  approach  of  setting  (sometimes 
arbitrary)  engineering  specifications,  QPI  uses 
sophisticated  analysis  of  process  data  (a  Process 
Capability  Study). 

Effort  then  concentrates  on  reducing  the  assignable 
variability  of  the  process,  thereby  reducing  waste  of 
time,  effort  and  materials  in  the  production  of  scrap  and 
rework.  The  N- 16  Internal  Measurement  Unit  repair  process 
was  chosen  for  the  pilot  because  it  represents  a  mature 
system  with  a  steady  flow  of  failed  units  and  modules 
requiring  diverse  actions  such  as  diagnosis/repair  of 
electronics  and  machining. 

The  emphasis  of  the  QPI  Pilot  is  prevention  of  problems  in 
the  repair  process  before  they  occur  in  the  repaired 
product.  Repair  technicians  are  being  taught  problem- 
solving  skills  to  allow  continued  improvement  beyond  the 
time  constraints  of  the  Pilot.  Statistical  techniques 
allowing  differentiation  between  assignable  and  random 
variation  are  being  taught  to  the  technicians  to  help  them 
to  pinpoint  whether  a  process  is  under  control  and  what  is 
needed  to  bring  it  "in  control"  This  is  the  first  known 
application  of  Deming/SPC  to  depot  repair,  as  opposed  to 
manufacturing. 

For  further  information,  contact  Charles  Cox,  (315)  330- 
4151. 
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MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


i 


Project  Number:  NONE 


Filing  Code:  73D097 


Predicting  Reliability  of  Mechanical  Components 

Predictions  take  into  account  the  kinds  of  use 

and  environments  to  which  components  are  exposed. 


A  reliability-prediction  technique  for  mechanical 
equipment  allows  a  designer  or  project  manager  to 
estimate  the  impact  of  variations  of  use  and  en- 
vironment on  a  mechanical  component.  The  tech- 
nique employs  a  mathematical  model  developed 
by  the  U.S.  Army  Belvoir  Research  and  Develop- 
ment Center  that  focuses  on  the  contribution  of 
each  critical  part  within  a  component  and  its  im- 
pact on  the  total  component  life  expectancy. 

The  technique  can  be  used  for  such  compon- 
ents as  valves,  bearings,  splines,  gears,  and  actua- 
tors. The  failure-rate  model  for  a  valve,  for  example, 
takes  into  account  failure  causes;  modes;  and  ef- 
fects on  the  seal,  poppet  assembly,  spool  valve 
assembly,  spring,  solenoid  assembly,  and  housing 
assembly  (see  figure).  After  the  failure  rates  are 
determined  for  each  part,  they  are  summed  to  de- 
termine the  failure  rate  of  the  total  valve  assembly. 

Equations  for  the  failure  rates  of  the  parts  were 
derived  from  engineering  reports,  laboratory  test 
data,  and  other  technical  sources.  The  equations 
were  modified  to  include  the  variables  sensitive  to 
reliability,  as  indicated  by  field  data.  Tables  of 
multipliers  were  compiled  to  extend  the  equations 
from  the  base  failure  rate. 

The  failure  modes,  failure  causes,  and  failure  ef- 
fects may  be  interchanged,  depending  on  the  type 
of  analysis.  For  example,  a  functional  analysis  will 
tend  to  identify  local  effects  as  the  failure  mode, 
while  a  detailed  hardware  analysis  would  identify 
the  cause  of  a  local  effect  as  the  failure  mode. 
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A  representative  Valve  Assembly  shows  key  parts.  The 
failure  rate  of  the  assembly,  in  failures  per  million  cycles, 
is  calculated  from  the  failure  rates  of  the  parts. 


FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s) 

Reliability  Prediction  Models  for  Mechanical  Equipment. 

Order  number:  AD-A169775/NAA 

Price  code  A04 
Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  Information 
contained  In  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Drilling  System  Automatically  Drill  Fastener  Holes 
in  Aircraft  Wings 


A  drilling  system  which  automati- 
cally drills  the  fastener  holes  in  the 
wing  of  the  AV-8B  Harrier  II  has 
been  developed.  The  cell  was  designed 
and  built  under  Naval  Air  System 
Command  MT  project  number  A1310 
by  the  McDonnell  Aircraft  Company, 
St.  Louis,  Missouri.  Ingersoll  Milling 
Machine  Company  was  selected  as  the 
machine  tool  vendor. 

The  AV-8B  wing  measures  28.3'  in 
length  with  a  38"  dihedral.  The  wing 
torque  box  is  primarily  carbon  epoxy 
with  some  aluminum  and  titanium. 
Both  upper  and  lower  wing  skins  are 
one  piece  carbon  epoxy  structures. 

The  wing  drilling  cell  is  enclosed  in 
a  pit  approximately  105'  in  length,  16' 
in  height  (8'  of  which  is  below  shop 
floor  level),  and  23'  in  width.  Two 
gantry  Direct  Numerical  Control 
machine  tools  travel  the  length  of  the 
pit  on  rails  built  into  the  top  of  each 
side  wall.  The  machines  are  capable  of 
traveling  to  either  end  of  the  cell, 
allowing  them  to  work  together  on  a 
single  wing  or  individually  on  separate 
wings.  Each  machine  is  controlled  by 
a  General  Electric  2000  controller, 
which  interfaces  with  the  drill  cell 
supervisor  computer. 

The  drilling  sequence  begins  by 
using  an  overhead  crane  to  load  an 
assembled  wing  torque  box  into  a 
wing  assembly  jig,  which  is  permanent- 
ly located  in  a  vertical  position  on  the 
pit  floor.  An  optical  scan  of  the  wing 
torque  box  structure  locates  the  exact 
centerline  of  approximately  325  pilot 
holes  to  +.003  in.  repeatability.  The 
hole  locations  are  compared  to  theo- 


retical pilot  hole  data  stored  in  a  com- 
puter model.  This  model  is  then  ad- 
justed to  account  for  the  true  part 
position.  Next,  the  bottom  wing  skin 
is  lowered  into  the  cell  and  tempor- 
arily attached  to  the  torque  box  using 
clamps.  Slave  bolts  are  then  automa- 
tically inserted.  The  slave  bolts  are 
stored  in  a  bowl  feeder  located  on  the 
top  of  the  gantry  and  fed  to  the 
machine  spindle  through  an  umbilical. 
The  washer  and  bolt  are  manually 
applied  to  the  slave  bolt  from  the 
inner  side  of  the  skin.  After  approx- 
imately 150  slave  bolts  have  been 
installed,  the  machine  tool  begins  to 
automatically  drill  the  fastener  holes 
on  the  lower  wing  skin. 

Upon  completion  of  the  drilling 
cycle,  the  lower  skin  is  removed  and 
the  upper  skin  is  lowered  into  the  cell 
and  clamped  to  the  torque  box.  Slave 
bolts  are  again  automatically  attached 
and  the  drill  cycle  for  the  upper  skin 
begins.  Upon  completion,  both  the 
wing  skin  and  torque  box  are  removed 
from  the  cell  for  further  assembly 
operations. 

Approximately  6000  of  the  6700 
fastener  holes  in  the  AV-8B  wing  are 
automatically  drilled  in  this  cell.  The 
remaining  holes  are  located  in  areas 
which  make  accessibility  by  the 
machine  tool  difficult. 

This  system  has  brought  together 
state  of  the  art  servo  drive  and  con- 
troller systems,  vision  technology,  and 
correction  techniques  to  produce  high 
quality  wings.  The  results  have  shown 
an  estimated  300  man  hour  per  shipset 
reduction  in  direct  labor,  or  50%  labor 
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savings  over  the  manual  drilling 
methods.  At  the  same  time,  wing 
quality  has  increased  by  an  estimated 
100%.  The  cell  is  currently  being 
implemented  into  the  AV-8B  produc- 
tion line  and  will  be  demonstrated  in 
St.  Louis  on  February  25,  1987. 


For  Additional  Information: 

To  discuss  this  effort  further, 
contact: 

Mr.  Richard  Celin  (Code  9303) 

Naval  Air  Engineering 
Center 

Lakehurst,  NJ  08733 

(201)  323-2173 


t 
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AV-8B  WING  AUTOMATED  DRILLING  SYSTEM 


Navy  Manufacturing  Technology 

AM^p  Automated  Manufacturing  Research  Facility 

National  Bureau  of  Standards,  Gaithersburg,  MD  20899 


Robot  Must  Change  Tools  at  Automated 
Machining  Center 


The  robot  tending  a  machine  tool 
at  a  workstation  which  is  truly  auto- 
mated must  be  able  to  load  or  unload 
tooling  in  the  tool  changer  if  the  work- 
station is  to  adapt  to  changing  tasks. 

Special  subsystems  have  been  de- 
veloped at  the  AMRF's  Horizontal 
Workstation  (HWS)  to  give  its 
robot  this  tool-changing  capability. 
Originally,  the  workstation's  machin- 
ing center,  equipped  with  a  30- 
position  tool  changer,  required  manual 
tool  loading  to  replace  tools  which 
were  dulled  or  broken  during  machin- 
ing, or  to  accommodate  a  wide  variety 
of  parts. 

Major  HWS  systems  used  in  the 
robotic  tool  loading  operation  are 
the  robot  and  its  Real-time  Control 
System  (RCS),  the  machining  center 
and  its  High-Level  Machine  Tool 
Controller  (HLMC),  and  the  Material 
Buffering  Device  (MBD)  and  its 
Material  Buffering  Controller  (MBC). 
The  Horizontal  Workstation  Controller 
(HWSC)  coordinates  the  entire 
operation. 

An  NC  tool  must  be  placed  in  a 
position  that  the  robot  can  reach,  and 
its  orientation  must  be  maintained.  A 
simple  compliant  tray  insert,  designed 
for  the  workstation's  MBD,  or  tray 
storage  unit,  provides  this  access. 

Each  of  the  30  locations  on  the 
tool  drum  consists  of  a  pair  of  tool 
loading  fingers.    A  tool  is  changed  by 


rotating  the  drum  until  the  required 
tool  or  empty  finger  set  reaches  the 
tool-changing  position,  where  a  pneu- 
matic actuator  opens  or  closes  the 
fingers.  The  robot  must  place  the 
tool  precisely  between  the  open 
fingers. 

The  HLMC  controls  the  rotation  of 
the  drum  and  the  actuation  of  the 
tool-holding  fingers,  and  performs  the 
data  retrievals  and  updates  associated 
with  the  operation.  An  extensive 
sensor  subsystem,  added  to  the  actu- 
ation mechanism  and  tool-changing 
area,  provides  tool  position  and  finger 
actuation  status  information  to  the 
HLMC. 

The  HWSC  issues  the  command  to 
change  a  tool  to  the  RCS  and  HLMC 
in  sequence  or  concurrently  depending 
on  the  requirement.  The  RCS  and 
HLMC  use  the  sensory  information  to 
carry  out  the  individual  commands 
and  provide  summary  status  to  the 
HWSC  in  real  time.  In  this  way, 
sensory  interactive  closed-loop  control 
of  the  complex  task  of  automated  tool 
changing  is  maintained. 

For  Additional  Information: 

To  discuss  this  effort  further, 

contact: 
Hary  Scott 

AMRF  Project  Manager 
Building  233— Room  B-108 
National  Bureau  of  Standards 
Gaithersburg,  MD  20899 
(301)  975-6619 
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Changes  in  Blade  Configuration  Improve  Turbopump 

Cavitation  is  reduced  while  suction  is  increased. 


Tests  conducted  with  a  model  liquid- 
oxygen  turbopump  using  water  as  the 
pumped  fluid  confirm  that  performance  is 
improved  by  a  new  "tandem"  arrange- 
ment of  the  blades  (see  figure).  The  find- 
ings are  also  expected  to  apply  to  other 
pumps  having  two  adjacent  rotor  rows. 

The  relative  position  of  the  inducer  and 
impeller  blades  can  be  optimized  to  im- 
prove pump  performance  by  (1 )  minimizing 
the  cavitation  occurring  on  the  impeller 
leading  edges  and  (2)  reducing  losses 
through  better  boundary-layer  control.  The 
overall  length  of  the  pump  can  also  be 
reduced,  thereby  improving  rotor  dyna- 
mics. In  the  tests,  the  pressure-rise  coeffi- 
cient and  the  efficiency  were  increased  by 
about  3  percent  by  a  suitable  choice  of  the 
"clocking"  angle,  a  measure  of  the  angular 
orientation  of  the  impeller  relative  to  the  in- 
ducer. 

Further  gains  can  be  expected  if  axial 
clearance  is  also  optimized.  Fluid-dynamic 
equations  suggest  that  a  smaller  axial 
clearance  between  the  impeller  leading 
edge  and  the  inducer  trailing  edge  —  pos- 
sibly even  a  negative  clearance  (an  inter- 
meshing  of  the  two  sets  of  blades)  — 
would  increase  the  cavitation  number  by 
reducing  the  local  relative  velocity.  In  the 
optimal  location,  the  impeller  leading  edge 
would  be  in  a  region  of  higher  static  pres- 
sure, which  improves  suction  perform- 


ance, an  advantage  not  previously  noted  in 
tandem-pump  studies. 

This  work  was  done  by  Sen  Y.  Meng  and 
George  E.  Bache  of  Rockwell  International 


Corp.  for  Marshall  Space  Flight  Center 

MFS-29176  /TN 


CONVENTIONAL  DESIGN 

J 

Meridional  View 


Impeller 


TANDEM  DESIGN 

Meridional  View 

lmpellers 


The  Conventional  and  Tandem  Designs  differ  in  the  axial  spacings  and  relative  circumferei  i- 
tial  positions  (clocking  angle)  of  the  two  sets  of  blades.  The  choice  of  clocking  angle  is  criti- 
cal: in  the  tests,  an  angle  of  60  °  improved  the  performance,  whereas  an  angle  of  30  °  did  not. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Active-Control  Bearings  for  Rotor  Shafts 

Vibrations  are  suppressed  by  feedback  control. 


It  is  well  known  that  a  damped  flexible 
support  system  can  suppress  the  vibra- 
tions of  a  rotating-shaft  system.  How- 
ever, it  is  very  difficult  for  this  method  to 
supply    proper    damping    in    practical 

equipment  or  to  be  able  to  change  the 
damping  coefficient  to  respond  to 
system  variations. 

Flexural  forced  vibrations  or  self- 
excited  vibrations  of  a  rotating  system 
can  also  be  suppressed  by  active  ele- 
ments. Instead  of  dissipating  vibration  • 
forces  through  damped  supports,  these 
active  elements  apply  forces,  through 
the  bearing  housing,  that  cancel  the 
vibration  displacements.  Bearing  sys- 
tems incorporating  such  devices  are  ap- 
propriately named  active-control  bear- 
ings. 

In  a  practical  system  with  a  high- 
speed rotating  shaft,  the  cancelling 
forces  are  best  applied  to  the  nonrotating 
bearing  housings.  Sensors  transmit 
shaft-vibration  displacements  to  a  con- 
trol device,  which  integrates  these  inputs 
and  issues  appropriate  signals  to  the 
devices  applying  variable  loads  to  the 
bearing  housings. 

Active-control-bearing  systems  are  ef- 
fective not  only  for  imbalance  forces  but 
also  for  unstable  forces  or  external 
forces  transmitted  from  a  foundation. 
The  damping  ratios  of  the  system  can  be 
easily  changed  by  modifying  the  state- 
feedback  control  system. 

This  concept  has  been  proof  tested  at 
Lewis  Research  Center  using  a  simple 
rotor  system  having  one  disk  mounted  on 
a  slender  shaft  supported  at  its  ends  on 
flexible  support  bearings  (see  Figure  1). 
Each  bearing  housing  was  supported  by 
four  actuators  made  from  modified  elec- 
trodynamic  transducers  (see  Figure  2).  In 
the  uncontrolled  case,  the  system  had 
two  critical  speeds  at  about  750  and 
1,000  rpm. 

The  system  was  operated  using  two 
feedback  control  concepts:  an  optimal 
regulator  method  and  a  quasi-model  con- 
trol method.  The  active-control  bearings 
reduced  the  maximum  displacement  am- 
plitude at  the  lower  critical  speed  to 


Figure  1.  This  Test  Rig  With  a  Simple  One-Disk  Rotor  on  a  thin  shaft  was  used  to  test  the 
active-control-bearing  concept. 


Figure  2.  Four  Actuators  support  the  bearing  housing 
ert  the  control  forces  on  the  housing. 
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about  one-sixth  the  uncontrolled  ampli- 
tude. 

This  work  was  done  by  Kenzou  Nonami 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-87053 


[N85-29292/NSP],  "Vibration  Control  of 
Rotor  Shaft  Systems  by  Active  Control 
Bearings." 

Copies  may  be  purchased  from  the 
National  Technical  Information   Service, 


Springfield,    Virginia   22161,  [AQ2] 
LEW-14319/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Mechanized  Polishing  of  Optical  Rod  and  Fiber  Ends 

With  a  new  mounting  fixture,  the  job  can  be  done  by  a  standard  machine  instead  of  by  hand. 


A  workpiece  holder  for  a  standard 
grinding  and  polishing  machine  makes  it 
easier  to  produce  an  optical  finish  and 
shape  on  the  end  of  a  metal  or  glass  rod 
or  bundle  of  optical  fibers.  Previously,  the 
glass  parts  had  to  be  lapped  and  polished 
manually,  a  time-consuming  procedure 
that  called  for  considerable  skill. 

The  holder  is  a  pivoting,  rotating  ec- 
centric head  that  keeps  the  rod  or  bundle 
end  centered  on  the  axis  of  the  machine 


as  it  is  ground  and  polished.  The  holder 
consists  of  a  ball-and-socket  joint,  at  the 
center  of  which  is  a  ball-type  bearing 
equipped  to  secure  a  brass  mount  at  its 
center.  The  ball-type  bearing  allows  the 
rod  to  spin  easily.  The  ball-and-socket 
joint  accommodates  lap  runout  during 
spinning. 

The  end  of  the  rod  to  be  polished  is 
placed  in  a  closely  fitting  hole  in  the  cen- 
ter of  a  blank  of  the  same  or  a  similar  ma- ' 


terial.  The  rod  is  secured  in  the  biank  with 
wax.  The  blank  and  rod  assembly  are  aisc 
waxed  onto  a  brass  mount  with  the  rod 
passing  through  its  central  hole.  Once  the 
rod  and  eccentric  head  are  mounted  on 
the  grinding  machine,  normal  grinding 
and  polishing  procedures  can  be  used. 

This  work  was  done  by  Jeffery  S.  Gum 
of  Goddard  Space  Right  Center.  No 
further  documentation  is  available. 
GSC-12917/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Quick-Change  Anode  for  Plating 

Removal  and  replacement  would  be  faster. 


A  proposed  fastener  for  attaching  an 
electroplating  anode  would  improve  the 
quality  of  plating  and  increase  productivi- 
ty. At  present,  when  it  comes  time  to 
change  from  anodic  etching  to  cathodic 
etching  in  a  plating  process,  it  is 
necessary  to  remove  a  screw  that  holds 
the  anode  in  place,  replace  the  anode, 
and  secure  a  new  anode  by  replacing  the 
screw  This  procedure  is  not  merely  time 
consuming;  in  the  case  of  copper  plating, 
the  delay  between  etching  operations  is 
sometimes  sufficient  to  cause  the  newly 
plated  copper  to  become  detached. 


A  snap-on  or  twist-lock  fastener  is  pro- 
posed as  a  replacement  for  the  screw. 
The  present  anode  could  readily  be 
modified  to  fit  the  new  fastener  (see 
figure).  The  plating  operator  would  be 
able  to  grasp  an  installed  anode  quickly, 
pull  it  or  twist  it  to  disengage  it  from  the 
fastener,  insert  a  new  anode  by  similar 
simple  motions,  and  resume  plating. 

This  work  was  done  by  John  L.  Beasley 
of  Rockwell  International. Corp.  tor  Mar- 
shall Space  Flight  Center  No  further 
documentation  is  available. 
MFS-19820/TN 


Anode  (End  View  Showing 
*  Twist-Lock  Prongs) 


Notches  In  a  Twist-Lock  Fastener  would 
mate  with  projections  on  the  end  of  an 
anode  bar.  The  fastener  would  be  made  of 
titanium  for  compatibility  with  a  copper- 
plating  solution.  The  fastener  could  also  be 
constructed  in  a  snap-on,  snap-off  con- 
figuration. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 

Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Preventing  Oxidation  Near  Gas/Tungsten-Arc  Welds 

Auxiliary  argon  jets  create  a  more  nearly  complete 
nonoxidizing  atmosphere. 


An  accessory  for  a  gas/tungsten-arc 
welding  machine  prevents  oxidation  and 
microfissures  at  the  edges  of  the  weld 
bead.  Although  a  gas/tungsten-arc  weld- 
ing machine  delivers  argon  to  the  work 
during  welding  to  minimize  oxidation,  the 
flow  is  usually  directed  to  the  top  of  the 
work.  The  hot  material  at  edges  of  the 
weld  may  be  exposed  to  the  normal  at- 
mosphere, which  causes  oxidation  and 
the  development  of  microfissures.  The 
reaction  is  severe  even  when  only  small- 
quantities  of  oxygen  are  present. 

To  provide  a  better  shield  against  ox- 
idation, auxiliary  cups  are  attached  to  the 
machine  to  direct  additional  gaseous 
argon  to  critical  areas  (see  figure).  The 
cups  localize  and  trap  the  inert  gas 
where  it  is  needed. 

The  cups  are  made  from  stainless- 
steel  sheet,  tubing,  and  screen.  They 
drastically  reduce  oxidation  and  microfis- 
sure  defects  and  produce  a  clean,  bright 
weld  that  can  be  easily  inspected. 

This  work  was  done  by  Kenneth  J. 
Reed  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center.  No  fur- 
ther documentation  is  available. 
MFS-29162/TN 


A  Pyramid-Shaped  Cup  directs  a  stream  of  additional  argon  over  a  weid.  The  gas  sup- 
plements that  provided  by  the  automatic  welding  machine  so  that  oxidation  is  more  com- 
pletely suppressed. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Spring-Loaded  Inscribing  Tool 

Wavy  surfaces  can  be  marked. 


A  spring-loaded,  roller-type  inscribing 
tool  (see  figure)  marks  flat  or  nearly  flat 
panels.  The  tool  was  devised  to  apply  grid 
lines  to  gore  panels;  the  panels  are  then 
stress-tested  by  forming  or  stretching, 
followed  by  measurement  of  the  grid-sys- 
tem movement  to  determine  the  distortion. 

The  gore  panels  were  marked  on  a  skin 
mill  under  numerical  control.  The  tool  can 
also  be  used  to  mark  plastics,  soft  metals, 
and  the  like  under  numerical  or  manual 
control  in  a  conventional  machine  or  other 
convenient  translation  stage  or  used 
manually  in  situations  that  do  not  require 
precision.  Because  the  inscribing  roller  is 
spring  loaded,  it  follows  the  surface  varia- 
tions on  the  workpiece.  Consequently,  the 
workpiece  does  not  have  to  be  clampled 
extremely  flat. 

This  work  was  done  by  Joseph  P. 
Johnson  of  Marshall  Space  Flight 
Center.  No  further  documentation  is 
available. 
MFS-28104  /TN 


The  Inscribing  Tool  is  spring  loaded 
against  the  workpiece.  Otherwise,  it  re- 
sembles the  scribing  rollers  on  such  tools 
as  pipe  cutters. 


Inscribing 
Roller 


( 


Inscribing 
Roller 
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Fact  Sheet 


US  Army  Corps 
of  Engineers 

Construction  Engineering  PO  Box  4005 

Research  Laboratory  Champaign.  I  61820 


In  Process  Measurement  of  Hydrogen  in  Welding 

The  deleterious  effects  of  atomic,  or  diffusible,  hydrogen  dis- 
solved in  welds  on  their  mechanical  properties  have  been  known 
for  over  four  decades.     However,  post  weld  inspection  and  repair 
of  hydrogen  induced  cracks  in  welds  remains  the  only  means  of 
correcting  the  defects  produced  by  excess  hydrogen  in  the  arc 
atmosphere  during  welding.     In  a  study  by  the  U.  S.  Army  Corps 
of  Engineers,  a  spectroscopic  technique  for  measuring  the  amount 
of  hydrogen  in  the  arc  atmosphere  during  welding  was  developed. 
A  relationship  between  the  amount  of  hydrogen  present  in  the 
weld  arc  atmosphere  during  welding  and  the  diffusible  hydrogen 
content  of  the  resulting  weld  was  found.     The  results  of  mechan- 
ical tests  were  used  to  determine  the  hydrogen  induced  cracking 
susceptibility  of  an  armor  steel.     The  amount  of  hydrogen  present 
in  the  arc  atmosphere  during  welding  was  correlated  with  the 
mechanical  properties  of  the  weld.     Methods  for  applying  this 
work  to  real  time  detection  of  conditions   likely  to  produce  hydrogen 
induced  cracking  of  production  welds,  and  thereby  reduce  the 
amount  of  nondestructive  inspection  and  weld  repair  required 
later,  are  suggested. 

The  study  also  researched  background  information  on  the  problem 
of  hydrogen  cracking  in  medium  and  high  strength  steel  welds  and 
the  use  of  emission  spectroscopy  in  weld  arc  analysis.     A  predictive 
model  for  weld  hydrogen  content  was  developed. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Dr.  Robert  Weber,  EM  Division,  Army  Construction  Engi- 
neering Lab,  P.  0.  Box  4005,  Champaign,  IL  61820-1305;  (217)  3 
7239. 
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Measuring  Leakage  From  Large,  Complicated  Machinery 

A  test  chamber  is  improvised  from  a  large  bag. 


The  cumulative  sizes  of  leaks  in  large, 
complicated  machinery  can  be  meas- 
ured with  a  relatively  simple  variation  of 
the  helium  leak-checking  technique. 
When  used  to  check  the  Space  Shuttle 
main  engine,  the  new  technique  gave 
repeatable  and  correct  results  within  0.5 
stdin.3/min  (1.4  x  10"7stdm3/s). 

A  test  chamber  is  improvised  by  en- 
closing the  system  or  the  portion  of  the 
system  to  be  checked  in  a  large  bag  of 
metallized  shipping  material.  The  bag 
material  is  a  good  barrier  against  helium 
diffusion.  The  bag  does  not  have  to  be 
sealed  tightly  or  totally  free  of  leaks  as 


long  as  the  bag  is  purged  of  helium  be- 
tween tests  to  keep  the  helium  concen- 
tration low. 

Fans  are  enclosed  in  the  bag  with  the 
system  to  be  tested,  because  the  tech- 
nique relies  on  thorough  mixing  of  the  en- 
closed gases.  The  fans  are  turned  on, 
and  the  whole  system  or  the  affected 
portion  is  pressurized  with  helium.  The 
rate  of  increase  of  helium  concentration 
in  the  bag  is  measured  with  a  gas  analy- 
zer. Using  this  measurement  and  an 
estimate  of  the  bag  volume  (the  bag 
volume  cannot  be  measured),  an  appro- 
priate helium  leak  rate  is  estimated. 


Next,  without  pressurizing  the  tested 
assembly,  helium  is  injected  through  a 
calibrated  flowmeter  into  the  bag  at  the 
estimated  rate.  The  rate  of  increase  of 
helium  concentration  in  the  bag  is  meas- 
ured during  this  injection.  This  measure- 
ment is  used  to  calibrate  the  bag  and  to 
correct  the  previous  estimate  of  the  leak 
rate. 

This  work  was  done  by  S.  L. 
Bottemiller  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Cen- 
ter. No  further  documentation  is  avail- 
able. 
MFS-19945  /77V 
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Noncontacting  Measurement  of  Shaft  Angle 

A  fiber-optic  transducer  offers  several 
advantages  over  mechanical  linkages. 


The  angular  position  of  a  rotary  valve  is 
measured  by  a  pair  of  optical-fiber  deflec- 
tometers.  The  measurement  device  is 
sensitive,  immune  to  electromagnetic  in- 
terference, and  does  not  wear  out  since 
the  fibers  do  not  make  contact  with  the 
valve.  The  device  is  more  rugged  than 
are  the  linear  or  rotary  variable-differen- 
tial transformers  it  replaces. 

Two  gap-measuring  fiber-optic  probes 
are  installed  at  the  slanted  end  of  the 
valve  shaft.  As  the  shaft  rotates,  the  gaps 
vary,  and  the  differential  electrical  output 
of  the  fiber-optic  transducer  changes  ac- 
cordingly. A  10-mil  (0.25-mm)  increase  in 
the  gap  produces  a  5-V  change  in  output. 
Gap  changes  as  small  as  0.2  /iin.  (5  nm) 
are  discernible. 

The  two-probe,  differential-gap-mea- 
surement technique  eliminates  errors 
from  radial  and  axial  shaft  play.  More- 
over, since  there  is  no  mechanical  con- 
tact, the  position  sensor  is  not  subject  to 


Shaft-Angle 
Indicator 


Gap  1 
Signal 


Gap  2 
Signal 


Flat,  Slanted 
Shaft  End ' 


Rotating 
Valve 
Shaft 


The  Difference  In  Gaps  between  the  slanted  surface  and  the  fiber-optic  probes  indicates  the 
angular  position  of  the  valve  shaft.  A  small  difference  in  gaps  creates  a  large  difference  in 
deflectometer  signals. 


mechanical  fatigue  or  chattering. 

This  work  was  done  by  Sarkis 
Barkhoudarian  of  Rockwell  International 


Corp.  for  Marshall  Space  Flight  Center 

No  further  documentation  is  available. 
MFS-19810  /TN 
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776  J  —  R  Curves  from  Charpy  Samples  and  Standard  Samples  —  Crack- 
extension  data  from  the  simpler,  Charpy  method  are  adequate  for  quality 
control. 

777  Controlling  Surfactant  Structure  —  Strategies  for  control  involve  the 
choice  of  surfactant  material  and  the  adjustment  of  concentrations. 

778  Advanced  Austenitic  Alloys  in  Steam  Service 

779  Characterization  of  Rapidly  Solidified  Type  304  Stainless  Steel  Powder 

780  Coal  Fly  Ash  Standards  Standard  Reference  Materials 

781  Polyester  Film  May  Make  Window  Glass  Earthquake  Safe 

782  Transparent  Analogs  for  Alloy  Phase  Studies  —  Experiments  are  safer, 
easier,  and  cheaper  than  they  are  with  metals. 

783  High-Strength  Glass  for  Solar  Applications  —  Technology  for  strengthen- 
ing thin  sections  is  reviewed. 

784  Flexural  Properties  of  Aramid-Reinforced  Pultrusions  —  Four  resin 
systems  show  improved  properties  after  postcuring. 

785  Progress  Toward  Monolithic  Peritectic  Solidification  —  Reducing  convec- 
tion during  plane-front,  two-phase  peritectic  solidification  reduces  banding. 

786  Noble  Metals  Would  Prevent  Hydrogen  Embrittlement  —  Hydrogen  in 
solid  solution  is  immobilized  at  palladium  or  platinum  sites. 

787  Semi-Interpenetrating  Polymer  Networks  —  Desirable  qualities  are 
achieved  by  'networking'  aromatic  and  addition  polyimides.  (Licensing 
Opportunity) 

Testing  &  Instrumentation 

788  A  Compendium  of  Nondestructive  Testing  Procedures  —  Methods  from 
acoustic  emission  to  ultrasonic  inspection  are  discussed. 

789  Photothermal  Imaging  of  Defects  in  Metals  and  Ceramics 

790  Vibrothermography  —  Investigation,  development,  and  application  of  a 
new  nondestructive  evaluation  technique. 

791  Voluntary  Labratory  Accreditation  Program  for  Construction  Testing 
Services  —  The  program  automatically  assures  accredited  laboratories  of 
mutual  recognition  of  their  data  by  foreign  organizations 

792  Scanning  Photoacoustic  Microscopy  —  A  thermal  imaging  technique  can 
reveal  flaws  in  materials  ranging  trom  rubber  to  ceramics. 
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Making  Fabric  More  Colorful 


Cotton,  rayon,  and  linen  can  now 
be  treated  to  accept  almost  all  major 
classes  of  dyes.  Without  treatment,  cot- 
ton and  other  cellulosic  fibers  don't  ac- 
cept acid  dyes,  which  are  used  for 
dyeing  wool  and  some  synthetic  fibers, 
or  insoluble  dyes  in  an  aqueous  disper- 
sion (disperse  dyes),  also  used  for  syn- 
thetic fibers. 

The  cellulosic  fibers  are  soaked  in 
a  solution  of  aqueous  alkali  metal 
hydroxide  and  then  treated  with  a 
thioarylsulfonium  salt  solution  to  make 
the  fibers  receptive  to  the  dyes.  These 
fibers  can  then  be  blended  with  synthet- 
ic fibers  such  as  polyester  or  with 
natural  fibers  such  as  wool. 

Dipping  such  fabric  blends  into  a 
bath  with  two  very  different  types  of 
dyes  produces  a  bicolored  fabric,  with 
each  fiber  type  accepting  a  different 
dye.  Or,  if  desired,  they  can  be  treated 
with  one  dye  for  a  uniform  shade. 

Previously,  natural  fibers  were 
treated  to  accept  one  class  of  dye,  such 
as  acid  or  disperse  dye.  Now  they  can 
be  treated  to  accept  two  or  more  dye 
classes  in  one  bath.  Not  only  are  the 
number  of  dyeing  steps  reduced,  but 
the  new  treatment  makes  the  fabric 


more  colorfast  than  could  be  obtained 
with  untreated  material. 

Tests  show  that  a  treated  cotton 
can  be  dyed  a  deeper  shade  than  cotton 
fabric  either  untreated  or  treated  with 
caustic  soda  (mercerized). 

The  treated  fabric  allows  for  a  ver- 
satility of  dyeing  not  attainable  with  un- 
modified cellulose  blends,  accepting 
many  dyes  under  a  wider  range  of  pH 
conditions  than  is  possible  for  unmodi- 
fied fibers. 

For-technical  information,  contact 
Tyrone  L.  Vigo  or  Eugene  J.  Blan- 
chard.  USDA-ARS  Southern  Research 
Center,  P.O.  Box  19687,  Neu  Orleans. 
LA  70179.  Patent  Application  Serial 
No.  903,  J  73,   "Arylsulfonium  Cellulosic 
Fibers  Substantive  to  Many  Dye  Class- 
es. " 

Inquiries  concerning  rights  for  commercial 
use  of  this  invention  should  be  addressed  to 

Office  of  Federal  Patent  Licensing 
Center  for  the  Utilization  of  Federal 
Technolocy 
Room  13R,*NTIS 
Springfield,  V A  22161 
(703)  487-4738 

Refer  to  Patent  Application  6-903,173/TN 
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J  -  R  Curves  from  Charpy  Samples  and  Standard  Samples 

Crack-extension  data  from  the  simpler,  Charpy 
method  are  adequate  for  quality  control. 


A  study  has  developed  curves  of  energy  per  unit 
area,  J,  versus  crack  extension,  R,  using  both  stan- 
dard samples  and  Charpy  samples.  The  study  by 
the  U.S.  Army  Armament  Research  and  Develop- 
ment Center  used  the  electrical-potential  method 
to  determine  crack  extension  in  the  standard  com- 
pact tension  (C(T)j  and  bend  [SE(B)J  specimens.  For 
the  Charpy  specimens,  the  study  estimated  crack 
growth  by  the  load-drop  method  of  analyzing  the 
load-displacement  trace. 

The  J  -  R  curves  describe  five  different  ma- 
terials: 

•7075-T651  aluminum; 
•2024-T351  aluminum; 
•  A723,  class  1,  grade  4  pressure-vessel  steel  (see 

figure); 
•HY80  steel;  and 
•HY1 30  steel. 

The  study  found  that  the  physical  crack  exten- 
sion in  the  standard  samples  was  not  well  estimat- 
ed by  the  Charpy  sample  results.  However,  if  the 
crack  extension  is  presented  as  relative  crack 
growth  (as  a  percentage  of  the  uncracked  liga- 
ment), the  agreement  between  the  two  widely  dif- 
ferent specimen  sizes  is  much  better,  although  not 
exact. 

Except  in  the  case  the  relatively  brittle 
7075-T651  alloy  the  J  corresponding  to  0-,  1-  and 
2-percent  crack  growth  were  higher  in  the  Charpy 
samples  than  in  the  larger  samples.  This 
discrepancy  is  attributed  to  the  inability  of  the  load- 
drop  method  to  determine  the  exact  location  of  the 
crack  initiation.  The  study  concluded  that,  despite 


CHiCK  EXTENSION  (%b  ) 
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J  -  R  Curves  are  shown  for  A723,  class  1 ,  grade  4  steel 
for  pressure  vessels.  For  the  Charpy  specimens,  the  re- 
lative data  are  closer  to  the  standard-specimen  meas- 
urements than  are  the  physical  data. 

the  differences,  the  load-drop  method  of  analysis  of 
data  from  precracked  Charpy  specimens  is  ade- 
quate for  quality-control  toughness  testing. 
Project  officer  Joseph  A.  Kapp 
(518)  266-5319  or  AV  974-5319. 


FOR  ADDITIONAL  INFORMATION: 

You  car.  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 
Assessment  of  J  -  R  Curves  Obtained  From  Precracked  Charpy  Samples. 
Order  number  AD-A161B06/NAA 
Price  code  A02 

Order  trom 

National  Technical  Information  Service 
5285  Pon  Royal  Road 
Springfield.  VA  2216* 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalt  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Controlling  Surfactant  Structure 

Strategies  for  control  involve  the  choice  of  surfactant 
material  and  the  adjustment  of  concentrations. 


A  study  has  investigated  strategies  for  controll- 
ing the  microstructures  of  surfactants.  The  micro- 
structures  —  among  which  are  micelles,  vesicles, 
microtubules,  bilayers,  and  (with  added  oil)  a  range 
of  bicontinuous  materials  —  play  a  key  role  in 
many  biological  and  industrial  processes. 

The  study  for  the  U.S.  Army  Research  Office 
characterized  an  unusual  micelle/vesicle  equilibri- 
um and  demonstrated  how  the  structures  of  bicon- 
tinuous emulsions  can  be  controlled  by  mixture  of 
oil  or  surfactant  and  by  the  addition  of  cosurfac- 
tants.  In  addition,  it  produced  a  video-enhanced 
contrast-differential-interference  microscope  that 
permits  direct  visualization  of  surfactant  struc- 
tures. 

The  equilibrium  between  micelles  and  vesicles 
was  determined  as  a  function  of  surfactant  con- 
centration (see  figure).  A  fluorescence-probe/ 
quencher  technique  was  used.  At  a  concentration 
of  10~3  M,  the  surfactant  is  entirely  in  the  vesicle 
form;  at  10 ~ 1  M,  only  micelles  are  present. 

The  study  found  that  three-component 
microemulsions  can  be  prepared  with 
didodecyldimethylammonium  bromide  as  the  sur- 
factant. This  material  is  insoluble  in  both  oil  and 
water  and  thus  is  located  at  the  oil/water  interface. 
This  is  an  important  feature,  because  it  means  that 
the  oil/water  interface  area  is  set  by  the  surfactant 
concentration. 


Log    Cone  (H/L) 

The  Fraction  of  Didodecytdlmethyammonium  Salt 

in  micelles  is  plotted  versus  concentration.  The  circles 
represent  butyrate  data,  the  dots  are  for  acetate,  and 
the  triangles  are  for  hydroxide.  Vesicles  Dredommate  at 
low  concentration,  and  micelles  predominate  at  high 
concentration. 


FOR  ADDITIONAL  INFORMATION 

Vtx  can  learn  moie  details  about  mis  technology  by  ordemg  ne  NTiS  •epontsi 
Characterization  ol  Vesicle  4  Mcroemulsion  Microstructuras 
Order  number  ADAI6US9/NAA 
Price  code  A02 

Order  from 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springlield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  US  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ot  the  United  Stetes  Government  assumes  any  liability  resulting  Irom  the  use  ol  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  Irom  privately  owned  rights 
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ADVANCED  AUSTENITIC  ALLOYS  IN  STEAM  SERVICE 


Design  criteria  and  evaluation  methods  have 
been  identified  for  austenitic  alloys  needed  for 
steam  service  at  650°C  and  35  MPa.  The  design 
criteria  fall  into  five  categories:  metallurgical 
stability,  fabrication  and  joining,  mechanical 
properties,  fireside  corrosion  resistance,  and 
steamside  corrosion  resistance.  Alloys  that  have 
potential  for  meeting  the  design  criteria  have 
been  identified  in  each  category,  and  methods 
have  been  outlined  for  evaluating  commercial  and 
developmental  alloys  against  the  criteria.  Alloys 
that  fall  into  the  austenite  phase  field  at  650°C 
are  potentially  the  most  stable,  and  the  lean 
stainless  steels  typified  by  17-14  Cu/Mo  stainless 
steel  appear  to  have  adequate  strength  and 
fabricability.  Such  steels  need  to  be  protected 
from  corrosive  media  by  cladding  or  surface 
treating.  Alloys  such  as  800H  have  adequate 
fabricability  and  steamside  corrosion  resistance 
but  need  improvements  in  strength  and  stability. 


High-chromium  steels  are  best  for  fireside 
corrosion  resistance  but  need  to  be  stabilized  by 
large  additions  of  nickel.  Research  has  begun  in 
an  effort  to  improve  the  corrosion  resistance  of 
tubing  fabricated  from  lean  stainless  steels  and  to 
improve  the  strength  of  high-chromium  alloys. 
When  the  evaluation  is  completed  in  1 990,  a 
basis  will  be  provided  for  the  selection  of  the 
best  alloy  for  subsequent  commercialization. 

Additional  information: 


Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192 

R.  W.  Swindeman  et  al.,  Alloy  Design  Criteria  and  Evaluation 
Methods  for  Advanced  Austenitic  Alloys  in  Steam  Service, 
ORNL-6274,  Oak  Ridge  National  Laboratory  (May  1986). 
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*    Characterization  of  Rapidly  Solidified 
Type  304  Stainless  Steel  Powder 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TlC/EG-86/159 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


The  microstructure.  morphology,  size 
distribution,  and  surface  characteristics 
of  rapidly  solidified  Type  304  stainless 
steel  powders  produced  by  centrifugal 
and  vacuum  gas  atomization  have  been 
characterized. 

In  response  to  a  gaining  awareness  of 
the  dependence  of  the  economic  welfare 
and  national  security  of  the  United  States 
on  foreign  sources  of  strategic  and  critical 
resources,  the  U.S.  Bureau  of  Mines  has 
initiated  a  program  with  the  goal  of  re- 
ducing chromium  consumption  in  engi- 
neering materials.  As  the  first  step  in  a 
systematic  alternate  alloy  development  pro- 
gram, it  is  necessary  to  understand  the 
fundamental  phenomena  involved  in  a 
rapid  solidification  processing.  The  report 
cited  here  presents  data  gathered  under 
this  first  step. 

Both  the  centrifugal  atomization  (CA) 
and  vacuum  gas  atomization  (VGA) 
powders  are  generally  spherical  with  av- 
erage particle  sizes  of  40  and  80  jum  for 
the  CA  and  VGA  powders,  respectively. 
The  CA  powder  forms  an  iron  oxide  layer 
about  2.5  nm  thick  and  the  VGA  powder 


forms  an  iron-chromium  oxide  layer  about 
8^0  nm  thick.  The  CA  powder  contains  a 
significant  amount  of  helium,  and  the  re- 
tained helium  is  stable  with  respect  to  out- 
•  gassing  up  to  the  melting  point  of  the 
powder. 

Both  CA  and  VGA  powders  contain  a 
metastable  bcc  phase  which  is  retained  at 
room  temperature  The  volume  fraction  of 
bcc  phase  increases  with  decreasing  par- 
ticle size  in  the  CA  powder  The  volume 
fraction  of  bcc  does  not  depend  strongly 
on  the  particle  size  in  the  VGA  powder, 
but  there  is  a  trend  for  larger  volume  frac- 
tion of  bcc  with  increasing  particle  size 
Solidification  as  primary  austemte  is  fa- 
vored in  the  larger  CA  particles  which  con- 
tain potent  catalytic  sites  for  hetero- 
geneous nucleation  of  the  solid  and  there- 
fore solidify  with  relatively  shallow  under- 
cooling. Small  CA  particles  which  are 
unlikely  to  contain  potent  nucleation  sites 
solidify  with  deep  undercooling  as  primary 
ferrite.  Slower  cooling  rates  associated 
with  the  VGA  process  favor  solidification 
as  primary  austemte 


FOR  ADDITIONAL 
INFORMATION 


DOE  repon(s): 

Characterization  of  Rapidly  Solidified  Type  304 

Stainless  Steel  Powder. 

Report  number:  EGG-SCM-  7 1 33 /NAB 

Order  number:  DE87000470/NAB 

Price:  $11.95 
Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 


For  additional  information,  contact 
J  M  Welch 
EG&G  Idaho.  Inc 
P.O.  Box  1625 
Idaho  Falls.  ID  834 15 

Telephone  No    (208)  526-83 18 
or 

R  N  Wright 
EG&G  Idaho.  Inc 
PO.  Box  1625 
Idaho  Falls.  ID  8341 5 
Telephone  No    (208)  526-6127 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Coal  Fly  Ash  Standards  Standard  Reference 
Materials 

Blended  cement  producers,  engineers,  and  others  in  construction 
technology  will  be  interested  in  three  new  coal  fly  ash  standard 
reference  materials  (SRMs)  for  use  in  research  and  quality  control. 
Coal  fly  ash,  a  raw  waste  material,  is  an  economical  way  to  im- 
prove the  strength  and  durability  of  blended  cements,  as  well  as  a 
way  to  reduce  the  material's  permeability  to  moisture.     Each  SRM 
consists  of  three  hermetically  sealed  glass  vials  of  fly  ash  obtained 
from  coal-fired  power  plants  using  Western  Kentucky,  Colorado,  and 
Wyoming  coals.     The  SRMs  are  size  classified  and  blended  to  achieve 
a  high  degree  of  homogeneity.     Certified  concentrations  of  16  ele- 
ments are  provided  for  each  standard.     Information  values  also  are 
provided  for  barium,  manganese,  strontium,  moisture,  and  loss-on- 
ignition  at  approximately  750  degrees  Celsius. 

FOR  ADDITIONAL  INFORMATION:    SRMs  2689,  2690,  and  2691  are 
available  in  units  of  30  grams  (3  vials  containing  10  grams  each)  for 
$112  from  the  Office  of  Standard  Reference  Materials,  B311   Chemis- 
try Building,  National  Bureau  of  Standards,  Gaithersburg,  MD  20899; 
(301)  975-2045. 
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Domestic  Technology  Transfer  Fact  Sheet 


Polyester  Film  May  Make  Window  Glass 
Earthquake  Safe 


Window  glass  in  both  high-rise  and 
low-profile  buildings  is  a  potential  hazard 
to  building  occupants  and  personnel  in 
close  external  proximity  to  buildings 
during  and  after  an  earthquake. 

The  Naval  Civil  Engineering 
Laboratory  (NCEL)  has  researched  the 
effect  of  earthquake-induced  stress  on 
window  glass  in  buildings. 

NCEL  found  that  bonding  a  film  of  2 
to  7  mils-(0.002  to  0.007  inches)  thick 
polyester  to  the  inner  surface  of  window 
glass  may  eliminate  the  potential  hazard 
from  earthquake-induced  glass  breakage. 

The  polyester  film's  adhesive  holds 
the  fragments  of  the  broken  glass 
together,  preventing  glass  fragments  from 
becoming  hazardous  free  falling  missiles. 

The  fragment  retaining  film  also 
weather-protects  a  building  after 
earthquake-caused  window  breakage.  In- 
terior spaces  can  be  used  until  replace- 


ment of  the  broken  glass  is  completed. 
The  film  remains  in  place  as  a  temporary 
substitute  for  the  broken  window  glass, 
allowing  interior  temperature  control  and 
keeping  wind  and  moisture  out. 

When  tinted,  the  film  reduces  the 
amount  of  solar  radiations  passing 
through  the  window. 

The  strength  of  the  polyester  film  with 
its  fragment  retention  characteristic  pro- 
vides an  additional  measure  of  entry 
security  and  reduced  vandalism 
opportunity. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
Code  E21 1 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  120102/TN 


NTIS  Tech  Notes    August  1987 


:*s: 


IVJASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Transparent  Analogs  for 
Alloy  Phase  Studies 

Experiments  are  safer, 
easier,  and  cheaper  than 
they  are  with  metals. 


A  report  describes  experiments  to  add 
information  to  the  data  base  supporting 
the  use  of  transparent,  partially  miscible 
liquids  and  solids  as  analogs  in  studies  of 
alloy  solidification.  The  behavior  of  these 
materials  can  be  observed  directly  while 
they  undergo  liquid/liquid  and  liquid/solid 
phase  transformations.  Light-scattering 
techniques  can  be  used  to  determine 
phase  boundaries.  Thus  the  transparent 
analogs  allow  the  observation  of  both  soli- 
dification patterns  and  the  processes 
leading  to  those  patterns,  whereas  metal 
alloys  require  tedious  post-solidification 
metallographic  analyses  because  the 
processes  cannot  be  generally  observed. 
Furthermore,  experiments  with  the  trans- 
parent substances  are  safer  and  cheaper 
because  they  are  conducted  at  much 
lower  temperatures;  typically,  at  -50  to 
+150  °C. 

The  immediate  objective  of  these  ex- 
periments was  to  determine  the  mono- 
tectic  phase  diagrams  of  several  binary 
and  pseudobinary  mixtures  that  had 
previously  been  identified  as  suitable 
analogs.  These  included  succinonitrile 
(SN)/ethanol,  SN/azeotropic  ethanol  and 
water,  SN/benzene,  SN/toluene,  SN/cy- 
clohexanol,  and  SN/ordinary  and  heavy 
water. 

The  SN/ethanol/water  experiments 
helped  to  explain  the  disappearance  of  a 
phase  interface  at  lower  than  the  ex- 
pected temperature  in  a  previous  experi- 
ment on  SN  and  nominally  pure  ethanol. 


Pure  ethanol  is  hygroscopic  and  con- 
tinues to  absorb  water  from  the  air  when 
mixed  with  SN.  As  the  water  content  in- 
creases, the  monotectic  point  changes 
from  a  temperature  of  1 4.775  °C  and  a 
composition  of  25.8  weight  percent 
ethanol  to  a  temperature  of  1 2.289  °C 
and  a  composition  of  24.1.9  weight  per- 
cent azeotropic  ethanol  and  water. 

The  measurements  on  benzene  yield- 
ed the  monotectic  point  (11.45°C,  36.90 
weight  percent  benzene),  the  eutectic 
point  (-2.14°C,  93.30  weight  percent 
benzene),  and  the  critical  point  (39.83  °C, 
66.83  weight  percent  benzene).  Because 
of  the  carcinogenicity  of  benzene, 
toluene  was  investigated  as  a  possible 
replacement.  SN/toluene  was  found  to 
have  interesting  properties,  including  a 
monotectic  temperature  of  30.46  °C, 
which  is  just  far  enough  above  room 
temperature  to  be  useful  for  growth-rate 
and  directional-solidification  experi- 
ments. The  high  volatility  of  toluene 
makes  it  unsuitable  for  experiments 
above  70  °C,  where  it  vaporizes  rapidly, 
reducing  the  toluene  concentration  in  the 
mixture. 

The  SN/cyclohexanol  experiments  gave 
results  in  fair  agreement  with  earlier  ex- 
periments, except  in  the  regions  of  low 
minority-phase  concentration.  The  dis- 
crepancies are  attributed  to  the  fact  that 
the  cloud  point  cannot  be  observed 
visually  until  the  materials  are  cooled  well 
into  the  temperature/composition  region 


of  immiscibility. 

The  SN/(H20/D20)  mixtures  are  of 
special  interest  because  with  the  addition 
of  a  suitable  amount  of  D20  it  is  possible 
to  achieve  mutual  buoyancy.  The  mono- 
tectic temperature  and  composition  were 
20.67  °C  and  9.38  weight  percent, 
respectively,  for  D20.  The  values  for  H20 
differed  slightly,  being  18.82°C  and  9.41 
weight  percent,  respectively.  These  and 
other  equilibrium  properties  changed 
with  the  relative  D20  and  H20  concentra- 
tions in  a  manner  consistent  with  the 
previously  known  differences  between 
D20  and  H20. 

Of  particular  interest  is  a  mixture  of  SN 
with  13.44  weight  percent  D20  and  85.56 
weight  percent  H20,  in  which  the  consti- 
tuents are  mutually  buoyant  at  20  °C.  The 
mixture  behaves  more  like  SN/D20  when 
rich  in  SN  and  more  like  SN/H20  when 
rich  in  the  water  solution.  This  problem  is 
attributed  to  a  preferential  interaction  of 
SN  with  D20,  causing  a  rejection  of  H20 
and  a  redistribution  of  SN  from  the  SN- 
rich  phase. 

This  work  was  done  by,  Donald  O. 
Frazier  of  Marshall  Space  Flight 
Center  and  James  E.  Smith,  Jr.,  of  the 
University  of  Alabama.  "Experimental 
Determination  of  Systems  Suitable  for 
Study  as  Monotectic  Binary  Metallic 
Alloy  Solidification  Models, " 
MFS-27109  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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High-Strength  Glass  for 
Solar  Applications 

Technology  for 
strengthening  thin  sections 
is  reviewed. 

A  report  reviews  the  technology  of  high- 
strength  glass  for  such  solar  applications 
as  heat  collectors,  reflectors,  and  photo- 
voltaic arrays.  The  report  discusses  the 
most  feasible  methods  —  heat  strength- 
ening and  chemical  strengthening  —  of  in- 
creasing the  strength  of  glass  for  solar-en- 
ergy use.  It  also  estimates  the  cost  and 
availability  of  high-strength  glass  and  con- 
siders physical  characteristics,  amen- 
ability to  back-silvering,  and  the  effects  of 
atmospheric  contamination. 

Both  glass-strengthening  methods 
create  residual  compression  in  the 
glass  surface.  Brittle  materials  like 
glasses  tend  to  fracture  in  tension  at  the 
surface.  The  precompression  therefore 
makes  thin  glass  less  likely  to  fracture  on 
impact  —  by  impinging  hailstones,  for  ex- 
ample. 


In  heat  strengthening,  the  surface  of 
the  molten  glass  is  quenched  by  a  flow  of 
air  (sometimes  water  or  oil)  while  the 
glass  is  still  viscous.  The  surface  is  thus 
rapidly  cooled  to  a  temperature  lower 
than  that  of  the  core.  Since  the  core  initial- 
ly remains  hot  and  viscous,  it  flows  to  ac- 
commodate the  surface  shrinkage,  and 
no  stress  is  introduced.  Then,  as  the  core 
cools,  it  attempts  to  contract  between  the 
unyielding  surface  layers,  thereby  setting 
up  tension  in  the  core  and  compression  in 
the  surface  layers.  The  residual  compres- 
sion increases  the  strength  to  more  than 
twice  that  of  ordinary  annealed  glass. 

Heat  strengthening  is  easy  and  in- 
expensive. However,  it  is  hard  to  control 
and  may  create  nonuniform  surface 
stress. 

In  chemical  strengthening,  surface 


compression  is  induced  jy  replacing 
sodium  ions  with  larger  potassium  ions. 
Usually  the  surface  is  treated  with  a 
molten  potassium  salt  like  potassium 
nitrate  at  about  400  °C.  Although  chemi- 
cal strengthening  is  more  expensive 
than  heat  strengthening,  it  gives  higher 
strength  —  10  to  20  times  that  of  or- 
dinary annealed  glass.  It  also  produces 
a  uniform  surface  stress. 

77j/s  work  was  done  by  Frank  L  Bouquet 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.   "Hign  Strength  Glass  for 
Solar  Applications:  A  Technology 
Review,"   NPO-16536  fTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  8WI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Flexura!  Properties  of 

Aramid-Reinforced 

Pultrusions 

Four  resin  systems  show 
improved  properties  after 
postcuring. 


A  comparison  of  flexural  properties 
has  been  made  of  pultrusions  reinforced 
by  Kevlar  (or  equivalent)  aromatic 
polyamide  and  having  constant  fiber 
volume  and  varied  matrices,  pretreat- 
menis,  and  postcures.  The  objective  of 
the  study  was  to  improve  flexural  proper- 
ties of  pultrusions  reinforced  with  Kevlar 
(or  equivalent).  Advantages  of  using  the 
pultrusion  process,  over  conventional 
hand-layup  methods  include  higher  pro- 
duction rates,  low  facility  and  labor  re- 
quirements, and  reduced  manufacturing 
costs  of  advanced  composites. 

Composite  materials  containing  Kevlar 
49  (or  equivalent)  reinforcement  and  hav- 
ing equal  fiber  volume  and  varied  thermo- 
setting-polymer  matrices  were  pultruded 
and  f  lexurally  tested  to  failure.  Pultrusions 
of  both  sized  and  unsized  Kevlar  were 
compared  to  determine  the  effects  of  siz- 
ing compounds  and  postthermal  treat- 
ments on  flexural  strength  as  an  indica- 
tion of  fiber  wettability  and  fiber-to-resin 
interface  bonding.  The  pultruded  ma- 
terials were  f lexurally  tested  in  the  "as- 
puitruded"  condition  and  also  after 


various  postcuring  treatments.  The  ASTM 
Standard  D790  three-point  flexural  test 
was  used:  This  is  a  simple  and  economi- 
cal method  for  comparing  the  results  ob- 
tained by  varying  processing  parameters 
for  the  purpose  of  improving  strength 
properties.  Its  failure  mode  is  a  combina- 
tion of  compression,  tension,  and  shear. 

Four  resin  matrix  systems  were  used. 
Improvements  in  flexural  strength  as  a 
result  of  pretreatments  with  sizing  solu- 
tions were  marginal.  The  most  significant 
improvements  in  flexural  properties  oc- 
curred as  the  result  of  postcuring  treat- 
ments. The  flexural  strength  of  each  pul- 
trusion increased  because  of  postcuring 
in  the  following  order:  (1)  polyester  matrix 
material,  87  percent;  (2)  vinyl  ester,  50 
percent;  (3)  first  epoxy  system,  19  per- 
cent; and  (4)  second  epoxy  system,  17 
percent.  The  two  conventional  pultrusion 
matrices,  polyester  and  vinyl  ester,  ex- 
hibited the  greatest  flexural-strength  in- 
creases as  the  result  of  postcuring.  The 
second  epoxy  pultrusion  had  the  highest 
flexural  strength  in  all  conditions. 

The  fact  that  postthermal  treatments 


improved  flexural  properties  of  all  four 
pultrusions  indicates  that  full  cure  did  not 
occur  in  any  resin  system  during  the  pul- 
trusion process.  Although  the  increased 
flexural  strengths  of  the  polyester  and 
vinyl  ester  pultrusions  were  the  most  sur- 
prising, overall  test  results  indicate  that 
the  most-promising  resin  system  of  the 
four  is  the  second  of  the  epoxy  systems 
used.  More  tests  need  to  be  conducted  to 
determine  the  thermo-oxidative  stability 
at  postcuring  temperatures  of  sizing 
compounds  and  resin  systems  used  in 
pultrusion. 

This  work  was  done  by  Maywood  L 
Wilson,  Gary  S.  Johnson,  and  Ian  0. 
MacConochie  of  Langley  Research 
Center.   LAR-13442  /TN 
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Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Progress  Toward  Monolithic  Peritectic  Solidification 

Reducing  convection  during  plane-front,  two-phase 
peritectic  solidification  reduces  banding. 


Experiments  show  that  reducing  radial 
thermal  gradients  and  flattening  the  solid- 
ification interface  —  which  reduces  the 
level  of  convection  occurring  at  the  inter- 
face —  reduces  the  compositional  banding 
associated  with  plane-front,  two-phase 
peritectic  solidification.  Consequently, 
the  possibility  of  coupled  two-phase  peri- 
tectic composite  solidification  still  exists. 
Previously,  it  had  been  thought  that  band- 
ing was  inevitable. 

Many  important  materials,  including 
most  cobalt-base  superalloys,  rare-earth 
magnetic  compounds,  and  A3B  supercon- 
ductors, solidify  via  peritectic  reactions. 
Although  aligned  two-phase  composites 
are  desirable  forms  of  these  materials, 
previously  available  processing  tech- 
niques have  not  yielded  aligned  fibrous  or 
lamellar  two-phase  composite  structures. 

Since  plane-front  directional  solidifica- 
tion has  been  shown  to  produce  aligned 
composites  for  eutectic,  off-eutectic,  and 
monotectic  solidification  reactions,  the 
directional-solidification  approach  is  an 
attractive  candidate  for  processing  peri- 
tectics.  However,  the  anticipated  peritec- 
tic two-phase  composite  microstructures 
have  not  been  realized  experimentally. 

Applied  to  the  case  of  the  peritectic 
Sn/Cd  system,  constitutional-supercool- 
ing criteria  successfully  predicted  an  ap- 
proximate ratio  of  thermal  gradient  to 
solidification  velocity  (GA/),  above  which 
nonplanar  (dendritic  or  cellular)  growth 
would  not  occur  for  hypoperitectic  alloys. 
Experimentally,  no  coupled,  eutecticlike, 
growth  was  observed;  when  the  GN  ratio 
was  in  excess  of  that  required  by  the 
constitutional-supercooling  criteria, 
samples  solidified  with  planar  interfaces 
—  but  with  a  structure  characterized  by 
alternating  bands  of  the  a  and  ft  solid 
phases  (having  differing  compositions) 
arrayed  perpendicularly  to  the  growth 
direction.  In  a  related  analysis  of  a  two- 
phase  lamellar  peritectic  system,  the 
peritectic  undercooling  vs.  velocity  and 
lamellar  spacing  was  found  to  differ 
greatly  from  the  eutectic  case;  these  dif- 
ferences implied  growth  instability  and 


Figure  1.  Morphological  Transition  from  a  +  ft  to  p  showing  banding  in  the  presence  of  con- 
vection. 

possibly  precluded  coupled  growth  in 
peritectic  systems. 

The  accompanying  figures  illustrate 
morphological  transitions  from  the  a  and 
P  to  peritectic  p  structure,  showing  the 
sensitivity  of  the  morphology  to  the  pre- 
sence of  convection. 

Figure  1  shows  the  banded  planar/ 
planar  alp  transition  for  the  Pb/Bi  peritec- 
tic system.  Banding  has  been  reported  in 
both  convectively-stabilized  and  destabil- 
ized peritectic-alloy  systems. 

However,  reducing  the  level  of  convec- 
tion by  minimizing  the  radial  thermal  gra- 
dients in  the  vicinity  of  the  solidification 
interface  and  by  flattening  the  interface 
reduced  the  amount  of  banding  (see  Fig- 
ure 2).  This  demonstrates  that  banding 
may  not  be  inevitably  associated  with 
plane-front,  two-phase  peritectic  solidifi- 
cation and  allows  hope  for  the  possibility 
of  coupled  two-phase  composite  solidifi- 
cation. 

This  work  was  done  by  David  J. 
Larson,  Jr.,  William  Poit.  Jr.,  and  Ron  G. 
Pirich  of  Grumman  Aerospace  Corp.  for 
Marshall  Space  Flight  Center 
MFS-28079  ,'TN 


Figure  2  Morphological  Transition  't>m 
a  +  p  to  p  showing  the  absence  ol  [winding 
when  convection  is  suppressed. 
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Noble  Metals  Would  Prevent  Hydrogen  Embrittlement 

Hydrogen  in  solid  solution  is  immobilized  at  palladium  or  platinum  sites. 


According  to  a  proposal,  the  addition 
of  small  amounts  of  noble  metals  would 
make  iron-  and  nickel-based  alloys  less 
susceptible  to  embrittlement  by  hydro- 
gen. Metallurgists  have  demonstrated 
that  adding  0.6  to  1 .0  percent  by  weight  of 
Pd  or  Pt  eliminates  stress/corrosion 
cracking  in  type  4130  steel.  The  proposal 
is  based  on  the  assumption  that  similar 
levels  (0.5  to  1  0  weight  percent)  of  the 
same  elements  will  be  effective  against 
hydrogen  embrittlement. 

The  noble  metal  acts  as  a  catalyst  for 
the  recombination  of  hydrogen  atoms.  A 
noble-metal  site  in  the  alloy  lattice  traps 
two  hydrogen  atoms  (see  figure)  by  caus- 
ing them  to  recombine  into  a  molecule  of 
H2  gas.  This  prevents  the  atoms  from 
migrating  in  solid  solution  as  protons 
toward  the  tip  of  a  crack.  Since  this  pro- 
ton migration  causes  embrittlement,  pre- 
venting it  is  expected  to  make  the  alloy 
more  resistant  to  embrittlement. 

This  work  was  done  by  Neil  E.  Paton 
and  Jon  D.  Frandsen  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center.  No  further  documentation  is 
available.  MFS-2911 4  /TN 
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Without  Pd  or  Pt  Sites,  protons  drift  toward  the  tip  of  a  microcrack.  With  a  Pd  or  Pt  catalyst, 
however,  hydrogen  is  trapped  and  is  less  likely  to  cause  embrittlement. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 

Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Semi-Interpenetrating  Polymer  Networks 

Desirable  qualities  are  achieved  by  "networking" 
aromatic  and  addition  polyimides. 


A  novel  semi-interpenetrating  network 
(semi-ipn)  has  been  prepared  at  Langley 
Research  Center  from  two  types  of  polyi- 
mides (see  figure).  A  semi-ipn  results 
when  a  linear  polymer  is  synthesized  in 
the  presence  of  a  cross-linked  polymer  or 
vice-versa.  The  semi-ipn  can  attain  cer- 
tain properties  that  are  better  than  those 
of  either  polymer  alone. 

The  number  of  new  classes  of  poly- 
mers discovered  each  year  is  declining. 
An  area  of  increasing  interest,  therefore, 
is  finding  new  ways  of  modifying  existing 
polymer  systems  to  obtain  desired  prop- 
erties. For  example,  aromatic  polyimides 
as  a  class  are  very  attractive  as  structural 
materials  for  aircraft  and  space  struc- 
tures. They  exhibit  high  thermal  and 
thermo-oxidative  stabilities  and  good  sol- 
vent resistances  over  a  wide  temperature 
range.  However,  these  systems  are  dif- 
ficult to  process.  Addition  polyimides,  on 
the  other  hand,  offer  the  advantage  of  im- 
proved processability. 

Polyimidesulfone  (PIS02),  a  linear 
aromatic  polyimide,  is  attractive  because 
of  its  high  thermal  and  thermo-oxidative 
stability,  adhesion  strength  [2,500  to  3,000 
psi  (17  to  21  MPa)],  and  good  solvent  re- 
sistance. Processing,  however,  is  difficult 
because  there  is  not  much  flow  above  its 
glass-transition  point  of  275  °C.  Acetylene- 
terminated  imidesulfone  (ATPIS02),  an  ad- 
dition polymer,  is  not  quite  as  strong  as 
PIS02,  but  it  maintains  some  strength  at 
very  high  temperatures  [500  to  800  psi  (3.4 
to  5.5  MPa)  up  to  593  °C].  The  cross-linking 
acetylene  end  cap  gives  the  polyimide  ex- 
cessive flow,  however,  and  it  can  bleed 
during  lamination.  When  these  two  polyi- 
mides are  combined  in  various  ratios  to 
form  the  semi-ipn,  the  cross-linked 
ATPIS02,  plasticizes  the  linear  ther- 
moplastic while  the  latter  adds  toughness 
to  the  brittle  cured  ATPIS02. 

This  network  has  two  other  major  ad- 
vantages: First,  the^,  polyimides  are 
mutually  soluble,  eliminating  phase- 
separation  problems  typical  of  networks. 
Second,  the  flow  properties  of  the  net- 
work are  midway  between  those  of  the 
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INTERPENETRATING  NETWORK 

A  Seml-lnteipenetrating  Network  Is  formed  to  different  polymers  to  combine  the  desirable 
properties  of  both. 


two  individual  polymers,  making  process- 
ing easier.  In  addition,  the  characteriza- 
tion of  these  semi-ipn's  indicates  that 
several  of  them  had  improved  thermo-ox- 
idative stabilities  and  retained  adhesive 
tensile  strengths  well  above  2,000  psi  (14 
MPa),  even  after  1,000  hours  of  aging  at 
232  °C.  Well-consolidated  composites 
were  also  prepared  from  the  semi-ipn's 
that  yielded  good  initial  mechanical 
strengths  [flexural  strength,  111.8  ksi 
(771.0  MPa),  flexural  modulus  8.9  Msi  (61 
GPa)]  without  optimization  work. 

These  results  indicate  that  semi-inter- 
penetrating network  formation  is  a  way  to 
enhance  the  properties  of  existing  polymer 
systems.  It  is  an  avenue  of  investigation 
open  to  many  polymer  systems  previously 
thought  to  have  been  fully  developed 


This  work  was  done  by  Terry  L  St  Oair 
of  Langley  Research  Center  a~o 
Annemarie  O.  Egli  of  PRC  Ken'.ron.  inc 

This  invention  is  owned  by  NASA  and  a 
patent  application  has  been  filed  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  devetopment 
should  be  addressed  to  the  Patent 
Counsel.  Langley  Research  Center 
Refer  to  LAR-13450/TN 
Langley  Research  Center 
:at>on  Ott>c*r 
John  Samcs 
M.ni  Slop  139A 

.  a  ;;>666 
(804)  865  3281 

Howard  J  Osbom 

.  A  .\«665 
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A  Compendium  of  Nondestructive  Testing  Procedures 


Methods  from  acoustic  emission  to 
ultrasonic  inspection  are  discussed. 
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An  Excerpt  From  a  Table  of  Nondestructive  Test  Methods  indicates  the  kind  of  information  furnished  in  the  report. 

The  table  contains  entries  for  20  types  of  tests. 


A  report  describes  standard  techniques  and  fa- 
cilities for  evaluating  surface  and  subsurface  char- 
acteristics of  metallic  and  nonmetallic  materials. 
The  report  for  the  U.S.  Army  Test  and  Evaluation 
Command  identifies  current  nondestructive  test 
methods  and  ultrasonic  test  techniques  applicable 
to  items  in  which  detection  of  cracks,  voids,  corro- 
sion, and  thickness  variations  is  important. 

The  report  discusses  the  method,  the  data  re- 
quired, and  the  analytical  plan  for  each  of  the 
following: 

•Magnetic-particle  inspection; 
•  Liquid-penetrant  inspection; 
•Radiographic  inspection; 
•Pulse-echo  ultrasonic  inspection;  and 
•Normal-beam  ultrasonic  inspection. 
In  addition,  the  report  tabulates  information  on 
these  widely  used  general-purpose  methods  and 


on  a  variety  of  special-purpose  methods  (see 
table).  For  each  method,  the  report  lists  the 
phenomena  measured  or  detected,  applications  of 
the  method,  and  its  advantages  and  limitations. 
Occasionally-used  ultrasonic  techniques  are 
described  in  an  appendix.  These  techniques  com- 
prise ultrasonic  transmission,  resonance,  and  im- 
mersion techniques.  Another  appendix  contains  an 
extensive  list  of  references. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  report(s): 
U  S  Army  Test  and  Evaluation  Command  Test  Operations  Procedure 
"Nondestructive  Testing  ol  Materials." 
Order  number  AD-A162266/NAA 
Price  code:  A02 

Order  from. 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Spnngtield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  ot  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Photothermal  Imaging  of  Defects  in  Metals  and 
Ceramics 

Photothermal  -  or  Thermal-Wave  -   Imaging  is  a  new  technique   for  the 
characterization  and  nondestructive  evaluation  of  materials.     A  three 
year  research  program  was  just  completed  which  was  involved  with  de- 
velopments in  the  method,   theory,  and  application  of  thermal-wave  imag- 
ing techniques.     Contrast  mechanisms  have  been  a  subject  of  dominant 
interest  and  several  distinct  mechanisms  have  been  shown  to  contribute 
to  the  images  obtained.     These  mechanisms  encompass  the  range  of  phy- 
sical processes  that  create  the  thermal  image.     An   intimate  knowledge 
of  these  mechanisms  is  needed  for   thermal-wave  imaging  to  become  a 
quantitative  tool  for  material  characterization. 

A  theory  of  multilayer  films  was  developed  which  has  shown  that  both 
thermal  (and  for  optical  sources)  optical-boundary-condition  reflections 
contribute  to  the  temperature  field  within  the  specimen  and  hence  affect 
the  ability  of  thermal-wave  imaging  methods  to  determine  the  depth  (or 
thickness)  of  buried  flaws  (or  layers). 

In  addition,  an  analysis  was  made  which  shows  that  thermal  barriers  af- 
fecting heat  flow  in  a  heterogeneous  material  are  of  two  types,  one  type 
depending  exclusively  on  thermal  properties  and  the  other  type  depend- 
ing on  both  thermal  and  optical  properties. 

Applications  of  thermal-wave  imaging  have  included  grain-boundary  studies 
in  metals,   studies  of  void  location  and  sizing,  and  closed  crack  visualization 
using  both  thermal  and  thermoelastic  methods. 
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Composite  sketch  summarizing  several   thermal   »ave   imaging  methods 
(1)  Optical    Beam  Deflection,    (2)   Reflective  Oatictl    Seam  inflection, 
(3)    1R   radiometric,    (4)   Thermoelastic   (transcucer  or  interfero- 
metric). 


NTIS  Tech  Notes   August  1987 


rs* 


Summarizing  major  items,   the  research  has  shown  a)  that  thermal-wave 
imaging  is  a  pervasive  technique  for  nondestructive  evaluation,  encom- 
passing a  variety  of  experimental  configurations,  each  supplying  different 
physical  information;  b)  that  three  different  types  of  processes  are  effec- 
tive in  creating  thermal  images;  c)  that  this  technique  is  suitable  for  study-  { 
ing  the  microstructure  of  a  variety  of  materials;  d)  that  thermoelastic 
mechanisms  are  operative  in  thermal-wave  imaging,  and  e)  that  momentum 
processes  are  ineffective  in  producing  thermal  images  using  particle  beam 
sources.     A  new  thermal  wave  imaging  technique  was  developed  using  an 
ion-beam  as  the  excitation  source. 

FOR  ADDITIONAL  INFORMATION: 

This  research  was  conducted  by  J.  C.  Murphy  and  L.  C.  Aamodt  of  the 
John  Hopkins  Applied  Physics  Laboratory  in  Laurel,  MD     20707.     A  copy 
of  the  final  report  is  available  from  NTIS,  Springfield,  VA     22161;  (703) 
487-4650.     Order  report  number,  AD-A175487/NAC,  price  code  All. 
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Vlbrothermography 

Investigation,  development,  and  application  of  a  new 
nondestructive  evaluation  technique 

Vibrothermography  is  a  nondestructive  testing  technique  which  utilizes  a 
combination  of  mechanical  vibrations  and  real-time  video-thermography  to 
investigate  the  internal  state  of  damage  in  materials.     The  basic  concept 
was  discovered  in  a  U.S.  Army  research  program.     It  was  observed  that  me- 
chanical vibrations  of  various  types,  when  introduced  into  a  specimen,    caused 
preferential  dissipation  of  energy  into  heat  around  internal  discontinuities. 
This  technique  is  unique  in  its  ability   to  characterize  complex  damage  states 
(such  as  develop,  for  example,  during  the  fatigue  of   composite  materials) 
in  a  manner  which  is  directly  related  to  the  mechanics  of  the  defect   forma- 
tion and  of  the  defect  state.     Because  of  this,  the  technique  can  be  de- 
veloped for  quantitative  nondestructive  measurement  of  the  severity  and 
distribution  of  defects  and  damage  states. 

This  addressed  the  question  of  how  heat   is  generated  in  damaged  materials 
under  vibratory  excitation,  and  to  develop  an  understanding  of  the  mech- 
anisms involved  in  those  processes.     An  attempt   was  made  to  establish  the 
physical  parameters  which  control  the  heat  generation  processes,   in  order 
to  enhance  the  efficiency  of  developing  test  methods  (and  choosing  mater- 
ials) based  upon  vibrothermography.     In  addition,  the  program  further  de- 
veloped the  general  method  of  vibrothermography  for   a  few  select  appli- 
cations of  particular   importance. 

A  large  number  of  experiments  conducted  throughout   the  program  have  pro- 
duced results  which  continue  to  indicate   the  usefulness  and  advantages  of 
vibrothermography  as  a  nondestructive  inspection   technique.     Thermographic 
methods  are  field  techniques  and  can  interrogate  large  areas  of  structural 
components  or  even  large  structures.     This  is  in  contrast   to  most  of   the  moie 
widely  used  nondestructive  test  methods  which  interrogate  such  small  re- 
gions of  material  as  to  be  practically  point   techniques.     Furthermore,   little 
preparation  is  required  to  perform  the  vihrothermographic  test.     Vibrother- 
mography is  especially  advantageous  foi    locating  delaminations  in  composite. 
The  researchers  used  it  for  detecting  damage  caused  by  static,   fatigue,   and 
impact  (dynamic)  loadings.     Evidence  has  also  been  collected  which  shows 
that  the  maximum  temperature  observed  during  the  vibrothermographic    in- 
spection of  graphite  epoxy  laminates  increases  with  the  size  of   the  damaged 
region  caused  by  impact  loading.     A  limited  number  of   tests  have  indicated 
the  potential  for  using  vibrothermograpy  measurements  to  obtain  experimen- 
tal correlation  with  specimen  damage  and  hence,   possibly  specimen  stiffness. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 

NTIS  order  number:     AD-A1 75373/NAC 

Price  code:     A02 
To  discuss  this  effort   further,   contact: 
Dr.  E.  G.  Henneke 

Engineering  Science  and  Mechanics  Department 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  VA     24061;  (703)  961-5316. 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Voluntary  Labratory  Accreditation  Program  for 
Construction  Testing  Services 

The  program  automatically  assures  accredited  laboratories  of  mutal 
recognition  of  their  data  by  foreign  organizations. 

A  new  voluntary  laboratory  accreditation  program  (LAP)  for 
organizations  that  perform  construction  testing  services  on 
concrete,  aggregates,  cement,  soil,  rock,  asphalt,  and 
geotextiles  has  been  established  by  the  Commerce  Department's 
National  Bureau  of  Standards  (NBS).   The  program  will  be 
particularly  useful  to  laboratories  testing  construction 
materials  for  export. 

The  LAP,  established  at  the  request  of  industry  under  the 

procedures  of  the  National  Voluntary  Laboratory  Accreditation 

Program  (NVLAP),  automatically  assures  accredited  laboratories  of 

mutual  recognition  of  their  test  data  by  foreign  laboratory 

systems  that  have  international  agreements  with  NBS. 

Under  these  international  agreements,  mutual  recognition 
means  NVLAP-accredited  laboratories  are  recognized  as  being 
equivalent  to  those  of  foreign  laboratory  systems,  and  test  data 
reports  issued  by  one  accredited  laboratory  will  be  recognized  on 
the  same  basis  by  other  national  accreditation  systems. 

For  example,  the  United  States  has  an  agreement  with  the 
Australian  National  Association  of  Testing  Laboratories  (NATA). 
The  new  Australian  uniform  building  code  will  accept  fire 
resistance  test  data  for  building  materials  from  accredited  U.S. 
laboratories  because  it  requires  that  these  materials  be  tested 
by  NATA-accredited  laboratories. 

In  addition  to  Australia,  NBS  has  agreements  with  the 
National  Testing  Laboratory  Accreditation  Scheme  in  the  United 
Kingdom,  and  the  Testing  Laboratory  Registration  Council  of  New 
Zealand.  Negotiations  are  under  way  to  establish  a  similar 
agreement  with  Canada. 
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NBS  was  requested  to  establish  the  new  construction  testing 
services  program  because  many  engineering  decisions  are  made 
solely  on  the  basis  of  laboratory  test  data.   The  new  program 
will  help  the  buyers  of  private  and  public  buildings,  both  here 
and  abroad,  to  more  easily  determine  if  the  products  in 
structures  meet  specific  national  building  codes  and  insurance 
requirements. 

"Quality  assurance  in  the  testing  of  materials  will  reduce 
overall  construction  costs  by  eliminating  the  need  to  remove 
products  that  lack  adequate  test  data,"  said  Harvey  W.  Berger, 
NVLAP  program  manager. 

Berger  also  pointed  out  that  accurate,  reliable  test  data 
can  contribute  to  the  construction  of  safer,  more  durable 
residential,  commercial,  and  public  structures. 

Under  NVLAP  procedures,  the  new  construction  testing 
services  program  can  be  expanded  to  include  the  accreditation  of 
laboratories  to  test  other  construction  materials  such  as  wood 
and  steel. 

The  NVLAP  program,  established  in  1976  and  managed  by  NBS, 
is  a  voluntary  system  whereby  organizations  and  individuals 
request  NBS  to  establish  a  laboratory  accreditation  program.   On 
an  individual  basis,  laboratories  seek  accreditation  for  having 
the  competence  to  use  specific  test  methods. 

"Competence"  is  determined  by  evaluating  applicant 
laboratories  to  assure  that  they  have  the  equipment,  staff,  and 
procedures  necessary  to  perform  recognized  tests  in  accordance 
with  nationally  or  internationally  accepted  standards  or  test 
methods. 

NVLAP-accredited  laboratories  pay  annual  fees,  go  through 
on-site  reassessment  every  2  years,  and  participate  in  scheduled 

proficiency  testing  to  maintain  accredited  status.   The 
laboratories  are  listed  in  the  NVLAP  directory  that  is 
distributed  worldwide. 

Currently,  approximately  170  laboratories  are  accredited  in 
programs  administered  by  NBS  for  thermal  insulation,  carpet, 
concrete,  solid-fuel  room  heaters,  acoustical  testing  services, 
personnel  radiation  dosimeters,  commercial  products  (paint, 
paper,  and  mattresses),  building  seals  and  sealants,  and 
electromagnetic  compatibility  and  telecommunications  equipment. 
Other  LAPs  have  been  proposed  for  asbestos  abatement  and 
electrical  and  safety  testing. 

For  information  on  the  construction  testing  services 
program  ,  contact:   Harvey  W.  Berger,  Manager, 
Laboratory  Accreditation,  Room  A531  Administration  Building, 
National  Bureau  of  Standards,  Gaithersburg,  Md.  20899,  telephone: 
301/975-4016. 
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Scanning  Photoacoustic  Microscopy 

A  thermal  imaging  technique  can  reveal  flaws 
in  materials  ranging  from  rubber  to  ceramics. 


A  study  has  evaluated  scanning  photoacoustic 
microscopy  (SPAM)  and  related  thermal-wave  im- 
aging techniques  for  nondestructive  evaluation. 
The  study  for  the  U.S.  Army  Tank-Automotive  Com- 
mand examines  applications  of  SPAM  to  imaging 
intrinsic  rubber  structures,  thermal-wave  studies  of 
ceramic-coated  samples,  thermal-wave  imaging  of 
hollow  turbine  blades,  and  microscopy  of  monoli- 
thic silicon  nitride  and  silicon  carbide  ceramics. 

The  usefulness  of  SPAM  results  from  its  sensiti- 
vity to  thermal  properties  such  as  diftusivity  and 
boundary  conditions  near  the  point  being  probed 
on  a  surface.  Through  this  sensitivity  to  localized 
thermal  properties,  SPAM  can  probe  under  the  sur- 
face of  an  opaque  material  for  voids,  closed  or 
open  cracks,  and  inclusions. 

The  maximum  probe  depth  is  about  2  mm.  The 
technique  is  particularly  sensitive  to  flaws  at  depth 
from  about  1  to  300  urn.  The  probe  depth  can  be 
controlled  experimentally.  SPAM  is  also  well  suited 
to  automatic  data  acquisition. 

The  technique  can  produce,  for  example,  a  four- 
phase  perspective  plot  of  a  brittle  fracture  region 
beneath  a  Knoop-indented  silicon  carbide  surface 
(see  figure).  In  such  a  plot,  the  height  at  a  given 
position  represents  the  component  of  the  photo- 
acoustic signal  projected  along  a  phasor  with  a 
given  phase  relative  to  the  heating  laser  modula- 
tion. This  characteristic  phase  dependence  is  to  be 
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Photoacoustic  Microscope  Thermal  Wave  Image 

shows  a  brittle  fracture  region  beneath  a  Knooo-<n- 
dented  silicon  carbide  surface  at  a  frequency  of  1  kHz 
The  four  segments  of  the  image  are  successive  scans  of 
the  same  region  of  the  sample  with  four  different  set- 
tings of  the  lock-in  amplifier. 

expected  for  thermal  wave  scattering  from  a  field 
of  closed  lateral  cracks  close  to  the  surface. 
Project  officer  Jacob  Patt 
(313)  574-6378  or  AV  786-6378. 

FOR  ADDITIONAL  INFORMATION 

You  can  learn  more  details  about  this  technology  o>  ordering  me  N  TiS  leootKS) 

Scanning  Photoacoustic  Microscopy  ot  Alum,r„rv  With 

Aluminun  Oxide  Roughness  Standards  and  Rubber 

Order  number  ADA169160mAA 

Price  code  ACM 
Order  from 

National  Techncai  Inloimaton  Serves 

5285  Port  Royal  Road 

Spnnglield.  VA  22161 
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Aging  Cell  Cultures  Available 


A  wide  variety  of  well-charac- 
terized and  uncontammated  cell 
lines,  useful  in  studying  the  phe- 
nomenon of  aging,  are  available 
from  the  Aging  Cell  Culture  Re- 
pository The  repository,  which  is 
located  in  Camden,  New  Jersey, 
is  supported  through  a  contract 
with  the  Conell  Institute  for  Medi- 
cal Research  (CIRM)  by  the  Na- 
tional Institute  on  Aging  (NIA) 
This  contract  is  under  the  super- 
vision of  Dr,  DeWitt  G.  Hazzard  of 
the  NIA.  The  repository,  which 
acquires,  develops,  character- 
izes, and  stores  cell  culture  lines, 
is  directed  by  Dr.  Arthur  E. 

Greene  of  the  CIRM  It  is  the  only 
cell  bank  in  the  world  dedicated 
to  cell  lines  for  research  on 
aging.  The  bank  provides  the  re- 
search community  with  high 
quality,  uncontaminated  cell 
lines  for  cellular  and  molecular 
studies  on  the  mechanism  of 
aging  and  the  degenerative 
processes  associated  with  it. 

Both  human  and  nonhuman 
cell  lines  are  available  from  the 
repository.  The  cell  lines  provide' 
a  useful  model  system  for  study- 
ing what  is  happening  during  the 
aging  process.  These  cultures, 
many  of  which  are  fibroblasts, 
have  a  finite  lifespan;  they  grow 
for  a  certain  amount  of  time  and 
then  die  Thus,  the  in  vitro  cells 
presumably  mimic  what  is  actu- 
ally happening  in  vivo,  Dr 
Greene  says. 

It  may  be  possible  to  under- 
stand aging  by  studying  the  cell 
Cultures,  says  Dr  Greene,  also 
head  of  the  cell  biology  depart- 
ment at  the  Coriell  Institute  for 
Medical  Research  The  secret  of 
defeating  the  aging  process  lies 
in  understanding  cells  and  how 
and  why  they  lose  their  ability  to 
divide  and  reproduce,  he  notes, 
adding  that  the  primary  clinical 
aim  of  the  studies  is  to  improve 
the  health  of  the  elderly 


Currently  more  than  500  dif- 
ferent cell  cultures  are  available 
from  the  repository  The  majority 
of  the  cells  are  skin  fibroblasts 
the  collection  also  contains  lym- 
phoblasts  and  a  small  number  of 
endothelial  and  smooth  muscle 
cultures  These  cells  are  the 
easiest  and  most  convenient  to 
obtain  The  repository  also 
houses  fetal  human  diploid  lung 
cells  obtained  from  spon- 
taneously aborted  fetuses;  they 
grow  better  in  the  laboratory  than 
any  other  kind  of  cells  and  also 
have  the  longest  lifespan 

Many  of  the  cell  lines  available 
from  the  repository  have  been 
obtained  from  people  participat- 
ing in  the  Baltimore  Longitudinal 
Study  (BLS)  of  the  Gerontology 
Research  Center,  a  long-term 
project  of  the  NIA  designed  to 
monitor  physiological  and  psy- 
chological parameters  associ- 
ated with  various  body  functions 
of  men  and  women  as  they  age 
Some  of  the  more  than  200  BLS 
cell  lines  have  been  obtained 
from  the  same  individuals  at 
various  stages  of  life  Cells  can 
be  retrieved  later  for  comparison 
with  new  cell  samples  Because 
they  come  from  the  same  donor 
differences  that  are  discovered 
may  be  correlated  with  age 

Another  large  portion  of  the 
cell  lines  available  are  from  fam- 
ilies with  a  high  incidence  of  Alz- 
heimer disease  There  are  more 
than  100  of  these  cell  lines 
stored  Research  in  this  disease 
has  become  important  because 
more  cases  of  Alzheimer  disease 
are  being  diagnosed  with  in- 
creasing longevity.  Dr  Greene 
says 

Cell  cultures  from  individuals 
who  have  illnesses  that  are  asso 
ciated  with  piemature  aging  s\n 
dromes  such  as  progei  .* 
(Hutchinson-Guilford  syndrome | 
a  disease  of  accelerated  aging 
that  ran  make  a  child    oek    V 


years  old  and  We" 
a  disease  that  cause 
their  thirties  and  forties  to  look 
much  older,  are  also 
from  the  repository  Ceil  lines  of 
other   premature  aging   syn- 
dromes including  Cockayne  and 
Rothmund-Thomson    ma)    ll 
be  obtained 

Cell  lines  from  normal  ind 
uais  are  available  to  serve  as 
controls  These  normal  cells  can 
be  compared  to  the  ceil  lines  es- 
tablished from  indiviaja's  wiin 
aging  syndromes  to  determine 
what  differences  might  be  re- 
sponsible for  the  aging  process 

Nonhuman  primate  c-: 
able  from  the  repositcy  provide 
another  model  system  for  studies 
on  agmg  because  of  the  close 
phylogenetic  and  evolutionary 
relationship  of  the  donors  to  hu- 
mans and  the  wide  range  of 
spans  available  Cells  from  many 
other  animal  speoes  especially 
rodents  cannol  be  ^sed  be- 
cause they  often  become  trans- 
formed instead  of  dying  out  after 
a  certain  period  of  time  the  ceils 
continue  to  grow  indefinitely  like 
tumor  cells 

Each  of  the  a 
is  described  in  the  repository  s 
catalog  wl  .  liable  free  o* 

charge  re  j:ors  Tht 

a  modera  d  for  ceil 

lines  to  investigate  to  not 

have  •  from  the 

NIA 

The  ceils  are  stored  m  liquid  ni- 
trogen The  repose 

computerised  inventory  of  the 
number  of  cultures  of  each  avail- 
able cell  line  and  the  location  o' 
the  freezer  m  which  ea 
stored  Tt\e  ceil  lines  a^ 
covered  from  liquid  nitrogen  and 
are  shipped  as  living,  cultures  to 
rest 

Many  important  scientific  con- 
tribut  . 

searchers  using  cell  lines  from 
the  Agmg  Cell  Cullure  Re; 
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tory.  For  example,  investigators 
have  cultured  fetal  human  lung 
cells  and  compared  those  cells 
to  cells  from  older  individuals. 
The  results  of  the  study  demon- 
strated that  the  younger  cells 
grew  more  rapidly  and  repaired 
genetic  damage  more  effectively 
than  those  from  the  older  individ- 
uals. Cells  from  the  younger  indi- 
viduals could  be  transferred  50 
to  70  times,  whereas  those  from 
older  people  only  transferred  10 
to  15  times,  which  demonstrates 
that  the  remaining  lifespan  of 
older  cells  is  shortened. 

The  repository  staff  have  pi- 
oneered many  unique  tech- 
niques for  growing  cells  in  vitro 
and  preserving  their  purity.  At 


various  stages  of  growth  the  cells 
are  checked  to  make  sure  that 
they  are  free  of  bacterial  and  my- 
coplasmal contamination.  Cells 
are  grown  without  antibiotics  so 
that  the  presence  of  an  infection 
can  be  easily  detected. 

For  more  information  about  the 
repository  or  to  obtain  cell  lines 
contact: 

Dr.  Arthur  E.  Greene 

Director,  NIA  Cell  Culture 

Repository 

Coriell  Institute  for  Medical 

Research 

Copewood  and  Davis  Streets 

Camden,  New  Jersey  08103 

Telephone:  (609)  966-7377 

or 


Dr.  DeWitt  G.  Hazzard 
Head,  Office  of  Biological 
Resources  and  Resource 
Development 
National  Institute  on  Aging 
9000  Rockville  Pike 
Bethesda,  Maryland  20892 
Telephone:  (301)496-6402. 


, 


A  technician  inspects  a  culture 
of  cells  taken  from  a  patient  with 
Alzheimer  disease.  The  cells 
provide  a  useful  model  system 
for  studying  the  aging  process. 
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Biophysical  and  Physiological  Integration  of  Proper 
Clothing  for  Exercise 

A  review  looks  at  the  advances  in  clothing  properties 

A  review  was  prepared  on  current  biophysical  and  thermal  advances  in  clothing 
properties.     Among  the  topics  covered  are  effects  of  exercise  in  buffering 
clothing  insulation,  effects  of  modern  day  fiber  techniques  (polypropylene,  etc.) 
in  allowance  or  adjustments  to  water  vapor  and  thermal  exchange  and  special 
advantages  (aids)  used  in  fostering  optimal  heat  exchange  for  athletes. 

The  publication  helps  to  clarify  concepts  (or  misconceptions)  in  thermal 
biophysics  attributed  to  different  sports  clothing.     How  is  heat  and  water 
dissipated  through  a  permeable  or  impermeable  suit?     Is  running  without 
a  shirt  in  the  heat  better  in  reducing  heat  stress  (in  a  pragmatic  sense) 
than  with  one?     To  what  extent  can  one  buffer  effects  of  cold  environments 
by  metabolism  and  clothing?     Can  I  decrease  my  time  in  a  marathon  by  de- 
creasing clothing  weight?     These  questions  are  but  a  -few  often  asked  by  stu- 
dents and  others  who  are  not  familar  with  basic  concepts  or  new  develop- 
ments in  the  field. 

The  purpose  of  the  review  are  threefold:  (a)  to  introduce  some  concepts  of 
of  thermal  biophysics  which  will  by  useful  and  applicable  to  the  reader  re- 
gardless of  the  sport  he/she  engages  in;  (b)  to  critique  methods  used  in  the 
evaluation  of  thermal  insulation  that  those  active  in  a  particular  sports  pro- 
gram can  further  apply  to  better  their  thermal  comfort  and  well  being;  and, 
finally  (c)  to  introduce  suitable  clothing  aids  for  exercise  which  becomes  al- 
most "second  nature"  to  the  user. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  the  report  is  available 
from  NTIS,  Springfield,  VA     22161;  (703)  487-4600. 
NTIS  order  number:     AD-A175067/8/NAC 
Price  code:     A04 
To  discuss  results  not  contained  in  the  publication,   contact: 
Dr.  Richard  Gonzalez, 
Biphysics  Branch, 
U.S.  Army  Research  Institute  of  Environmental  Medicine, 

Kansas  Street, 
Natick,  MA    01760-5007 
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Technology  Application 


Palladium-109  Labeled  Lymphocytes 

A  new  agent  for  Lymphoid  Ablation  Therapy 

A  new   method  for  labeling  lymphocytes  with  Palladium-109  has  been  developed.     The 
labeled  lymphocytes  carry  the  Palladium-109  selectively  to  lymphoid  tissue  and 
spleen.     It  has  proven  more  effective  for  selective  lymphoid  ablation  than  many  other 
agents  that  are  presently  in  use.     Other  therapeutic  radionuclides  (beta  emitters 
causing  little  cell  damage)  and  diagnostic  radionuclides  may  also  be  used  to  label 
lymphocytes  using  this  method. 

STAGE  OF  DEVELOPMENT 


Experimentally  used  in  animals.     Human  use  anticipated. 

APPLICATION 

Palladium-109  labeled  lymphocytes  show  potential  for  more  selective  lymphoid  irradia- 
tion and  thus  for  more  effective  immunosuppression  than  agents  now  used  for  this 
purpose.     Lymphocytes  labeled  with  Palladium-109  or  other  suitable  beta  emitters 
might  be  useful  in  the  treatment  of  certain  lymphomas,  autoimmune  disease,  and 
splenic  disorders. 

PATENT  STATUS 

U.S.  Patent  4,500,508  issued  2/19/85,  assigned  to  U.S.  DOE 

PUBLICATIONS 

R.   A.  Fawwaz,  S.  C.  Srivastava,  T.S.T.  Wang,  T.  Prach,  P.  Richards,  P.O.  Alderson, 
'Ablative  Lymphoid  Irradiation  in  Experimental  Animals  by  Pd-109  Oxine  Labeled  Lymph- 
ocytes, J.  Nucl.  Med.  ,  23,  P  58  (1982)  (Abstract). 

S  C.  Srivastava,  R.A.  Fawwaz,  T.S.T.  Wang,  T.  Prach,  P.  Richards,  P.O.  Alderson,. 
"Palladium-109  Labeled  Lymphocytes  -  A  New  Agent  for  Lymphoid  Ablation",  Proc.  4th 
Intl.  Symp.  Radiopharm.  Chem.,  Julich,  August  23-27,  pp.   122-123  (Abstract). 

R.A.  Fawwaz,  S.  Oluwole,  S.C.  Srivastava  et  al.  "Potential  of  Pd-109  Labeled  Lympho- 
cytes for  Selective  Lymphatic  Ablation,  Nuclear  Medizin,  2_3,  333-335  (1984). 

ADDITIONAL  INFORMATION 


W.  Marcuse,  Office  of  Research  and  Technology  Applications,  Brookhaven  National 
Laboratory,  Upton,   Long  Island,  New  York   11973. 
Telephone:  (516)  282-2103,  FTS:     666-2103 
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Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services     Public  Health  Service    National  Institutes  of  Health 

Mechanism  and  Characterization  Discovered  for  the 
Inducement  of  a  Unique  Interferon  (IFN) 


Ruminant  lentiviruses  induce  a 
unique  interferon  (IFN)  through 
a  previously  unobserved  two- 
stage  process  that  has  been 
discovered  by  researchers  at 
The  Johns  Hopkins  University 
in  Baltimore. 

An  understanding  of  this 
mechanism  and  characterization 
of  the  new  interferon  may  allow 
researchers  to  amplify  IFN  pro- 
duction in  vivo  to  inhibit  len- 
tiviruses in  animals  Inhibition  of 
these  ruminant  viruses  could 
prevent  progression  of  diseases 
that  involve  chronic  inflammation 
of  the  central  nervous  system, 
lungs,  mammary  glands,  and 
joints,  and  possibly  death.  Ac- 
cording to  Dr.  Opendra  Narayan. 
professor  of  neurology  and  com- 
parative medicine  at  The  Johns 
Hopkins  University  School  of 
Medicine  in  Baltimore,  this  sys- 
tem may  be  "the  basis  of  the  au- 
toimmune process  and  viral  pa- 
thology." 

Dr  Narayan's  group  has  found 
that  the  classical  pathway  of  IFN 
synthesis,  in  which  virus-infected 
cells  alone  produce  IFN,  was  not 
operating  in  the  lentivirus  system 
they  were  investigating.  Rather, 
another  type  of  cell— the  T  cell- 
was  required  along  with  infected 
cells  to  stimulate  IFN  production. 

The  Hopkins  researchers  used 
two  strains  of  ruminant  len- 
tiviruses, the  Icelandic  visna  vi- 
rus of  sheep  and  the  California 
arthritis-encephalitis  virus  of 
goats,  to  investigate  the  role  of 
IFN  in  restricting  viral  replication. 
The  viruses  were  incubated  with 
a  variety  of  cell  cultures,  one  of 
which  contained  a  specific  type 
of  peripheral  blood  mononuclear 
cell,  the  T  lymphocyte 

In  Dr  Narayan's  study  IFN  pro- 
duction was  detected  within  1 
hour  and  peaked  24  to  48  hours 
after  cocultivation  of  virus-in- 
fected macrophages  with  T  cells 
The  decline  in  IFN  production  af- 
ter 2  days  of  cocultivation  was 
due  to  exhaustion  of  lympho- 


cytes and  was  not  dependent  on 
the  number  of  viral  particles 
present,  as  in  classical  IFN  in- 
duction systems 

In  a  process  that  appears  to 
be  unique  to  lentiviruses.  Dr 
Narayan  says.  IFN  production  is 
induced  through  the  sequential 
interaction  of  three  agents  len- 
tiviruses. macrophages  and  T 
lymphocytes  Thus  a  two-step 
rather  than  a  one-step  process 
is  involved  in  IFN  production  If 
this  IFN-inducmg  system  exists 
in  vivo,  it  is  likely  that  T  cells,  not 
macrophages  (the  normal  IFN  - 
producing  cells),  synthesize  IFN. 
he  adds. 

In  the  first  step  of  the  lentivirus 
IFN  system  the  macrophage  is 
infected  by  a  virus  The  infected 
macrophage  then  interacts  with 
T  cells  to  stimulate  IFN  produc- 
tion. According  to  Dr  Narayan 
infected  macrophages  commu- 
nicate with  T  cells  by  producing 
an  IFN-inducmg  factor,  which  in- 
creases the  interferon  synthesis 
rate 

Normally  IFN  has  one  mode  of 
action  to  protect  macrophages 
against  viral  degradation  The 
IFN  acts  on  viruses  directly,  inter- 
fering with  viral  replication  at  the 
level  of  transcription  so  that  the 
cell  makes  RNA  but  does  not 
synthesize  virus  In  this  case.  IFN 
stimulates  enzymes  that  either 
destroy  viral  messenger  RNA  or 
decrease  initiation  of  viral  protein 
synthesis  The  Hopkins  group 
has  discovered  that  in  addition  to 
its  ability  to  stop  viral  replication, 
the  lentivirus  IFN  can  block  matu- 
ration of  monocytes-  precursors 
of  macrophages  in  which  the  vi- 
rus replicates  and  attack  the 
cell  before  it  becomes  infected 
with  lentivirus 

This  unique  IFN  has  been  fur- 
ther characterized  by  the 
Hopkins  researchers,  who  report 
that  lentivirus  IFN  functionally  ap- 
pears to  resemble  gamma-IFN 
Unlike  other  IFN  s.  however,  the 
new  IFN  is  stable  to  heat  and 


acid  treatments  and  withstands 
freeze-thawmg 

The  mechanism  by  wh  ch  len- 
tivirus-mfected  macrophages 
stimulate  IFN  production  "vough 
the  IFN-inducmg  factor  is  of  spe- 
cial interest  to  Dr  Narayat  ar  i 
his  colleagues  The  IFN-mducmg 
factor  is  actually  a  complex  of 
viral  antigen  and  what  is  known 
as  histocompatibility  antigen  he 
points  Out  As  the  virus  mal 
mside  the  macrophage  v  ra\  pro- 
teins, or  antigens  become  . 
closely  associated  with  r 
compatibility  antigens  of  the 
macrophage  These  two  proteins 
form  a  complex  that  induces  IFN 
production  offering  protection 
against  further  infection  Re- 
searchers also  beneve  however 
that  the  complex  may  be  respon- 
sible for  lentivirus  pathology 

Although  macrophages  pro- 
vide the  mam  line  of  defense  for 
the  body  forming  the  cor- 
nerstone of  the  immune  re- 
sponse Dr  Narayan  explains 
when  mfected  by  a  vi'us  they 
also  make  more  virus  A'ter  infec- 
tion, macrophages  attempt  to 
produce  an  immune  response  to 
the  same  virus  they  are  s>nthe- 
sizmg  and  releasing 

The  primary  immune  response 
of  the  macrophage  is  expresses 
through  IFN  production  a-. 
the  case  of  lentiviruses  oc 
indirectly  through  the  . 
compatibility  antigen  co~" 
acting  on  T  ceils  Overproduction 
of  IFN  however  can  induce  a^ 
autoimmune     condition.     Or 
Na\ivan  says  and  has  bet 
plicated  m  several  chronic  in- 
flammatory conditions   sck 
systemic  lupus  erythema:, 
and  rheumatoid  arthn:  < 
as  acquired  immune  d< 
syndrome  (AIDS) 

It  appears  that  the  hor- 
group  has  been  able  to  o  > 
the  autoimmune  rTK  that 

causes  chronic  mtlammation  re 
suiting  from  lentivirus  m»ect»ons 
IFN  inaeases  the  .  > 
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the  histocompatibility  antigen  in 
the  complex,  Dr.  Narayan  ex- 
plains, and  suppresses  the  viral 
proteins  of  the  complex  following 
viral  attack.  After  the  induction  of 
this  immune  response,  the  body 
normally  shuts  down  histocom- 
patibility antigen  production. 

In  the  lentivirus  system, 
however,  IFN  continues  to  stimu- 
late cells  to  produce  high  levels 
of  the  histocompatibility  antigen, 
which  triggers  the  immune  sys- 
tem to  overreact.  In  this  way,  the 
body  responds  to  its  own  sig- 
nals, inducing  an  autoimmune 
condition.  "We  think  this  cycle 
provides  the  foundation  for  the 
continued  inflammatory  re- 
sponse of  autoimmune  dis- 
eases," Dr.  Narayan  comments. 

There  appears  to  be  a  similar 
system  operating  in  AIDS  pa- 
tients. Of  particular  interest  is  a 
correlation  that  may  develop  be- 
tween lentivirus-induced  en- 
cephalopathy in  sheep  and 
goats  and  dementia  in  patients 
with  AIDS.  Dr.  Narayan  points 
out,  however,  that  these  viruses 
present  themselves  differently:  in 
sheep,  brain  damage  is  due  pri- 
marily to  inflammation;  dementia 
in  humans  is  more  of  a  degener- 
ative process. 


The  mechanisms  of  these  par- 
allel disorders  are  not  clearly  un- 
derstood, according  to  the 
Hopkins  researcher,  who  postu- 
lates that  monocytes,  precursors 
of  macrophages,  circulate  in  the 
blood  and  carry  the  virus  through 
the  body,  eventually  reaching  the 
brain.  Once  the  virus  invades  the 
brain,  all  cells — not  just  mac- 
rophages— become  susceptible 
to  the  virus,  and  the  infection 
rapidly  spreads,  he  explains. 
Thus,  in  cases  of  brain  infection, 
the  AIDS  virus  closely  resembles 
the  visna  virus. 

Although  the  two  viruses  are 
different,  targeting  of  these  or- 
ganisms for  immune  cells  is  the 
same,  whether  in  sheep  or  hu- 
mans. In  both  systems,  the  same 
cell  that  produces  the  virus  also 
tries  to  produce  an  immune  re- 
sponse to  the  virus.  Dr.  Narayan 
adds,  "That's  where  the  sim- 
ilarities are,  in  the  autoimmune 
initiation." 

Knowledge  concerning  the 
lentivirus  mechanism  could  be 
very  useful  in  examining  both  hu- 
man and  animal  retrovirus  sys- 
tems. As  noted  by  Dr.  Narayan, 
"Most  human  viruses  have  their 
counterparts  in  animals.  The  len- 
tivirus in  sheep  and  goats,  for  ex- 


ample, is  the  biological  equiv- 
alent of  AIDS  in  humans." 

— Mary  E.  Cerny 

Additional  reading: 

1.  Narayan,  O.,  Sheffer,  D., 
Clements,  J.  E.,  and  Tennekoon, 
G.,  Restricted  replication  of  len- 
tiviruses:  Visna  viruses  induce  a 
unique  interferon  during  interac- 
tion between  lymphocytes  and 
infected  macrophages.  Journal 
Of  Experimental  Medicine 
162:1954-1969,  1985. 

2.  Kennedy,  P.  G.  E.,  Narayan, 
O.,  Ghotbi,  Z.,  Hopkins,  J.,  Gen- 
delman,  H.  E.,  and  Clements, 
J.  E.,  Persistent  expression  of  la 
antigen  and  viral  genome  in 
visna-maedi  virus-induced  in- 
flammatory cells.  Journal  Of  Ex- 
perimental Medicine  162:1970- 
1982,  1985. 

3.  Preble,  O.  T.  and  Friedman, 
R.  M.,  Interferon-induced  altera- 
tions in  cells:  Relevance  to  viral 
and  nonviral  diseases.  Labora- 
tory Investigation  49:4-18,  1983. 

The  research  on  interferons  de- 
scribed in  this  article  was  funded 
in  part  by  the  Animal  Resources 
Program,  Division  of  Research 
Resources,  and  by  the  National 
Institute  of  Neurological  and 
Communicative  Disorders  and 
Stroke. 
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Dr.  Opendra  Narayan,  professor 
of  neurology  and  comparative 
medicine  at  The  Johns  Hopkins 
University  School  of  Medicine,  is 
studying  interferon  production 
induced  through  the  sequential 
interaction  of  three  agents— 
lentiviruses,  macrophages,  and 
T  lymphocytes.  High  levels  of 
interferon  act  to  fight  infection 
by  greatly  suppressing  viral 
replication. 
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Insulin  Pump  Controls  Diabetes  during  Pregnancy 
as  Well  as  Precisely  Timed  Injections 


Both  the  insulin  pump  and  inten- 
sive conventional  insulin  therapy 
can  achieve  equally  good  meta- 
bolic control  in  pregnant  diabetic 
women,  according  to  the  results 
of  the  first  randomized  clinical 
trial  comparing  the  two  treatment 
methods  in  pregnant  diabetics. 

Both  methods  resulted  in  ex- 
cellent metabolic  control,and 
favorable  pregnancy  outcome  in 
21  women  studied  during  preg- 
nancy, says  the  principal  inves- 
tigator, Dr.  Donald  R.  Coustan  of 
the  department  of  obstetrics  and 
gynecology,  Brown  University 
Program  in  Medicine,  Provi- 
dence, Rhode  Island. 

"Diabetic  pregnancy  is  not  an 
automatic  indication  for  the 
pump — it  indicates  that  tight  con- 
trol of  glucose  levels  is  needed," 
Dr.  Coustan  cautions.  "Because 
the  methods  give  equally  good 
results,  the  choice  for  a  particular 
patient  can  be  based  on  other 
considerations." 


The  insulin  pump  affords  a 
more  flexible  lifestyle  than  con- 
ventional therapy,  which  requires 
two  to  four  daily  injections.  A  bat- 
tery-operated pump  continu- 
ously releases  insulin  into  the 
subcutaneous  tissue 

Many  studies  have  demon- 
strated that  preventing  hyper- 
glycemia during  pregnancy  in 
diabetic  women  significantly  im- 
proves perinatal  outcome.  Glu- 
cose levels  must  be  tightly  con- 
trolled because  even  small 
differences  may  profoundly  af- 
fect infants  of  diabetic  mothers. 
Dr.  Coustan  notes. 

He  and  his  associates  and 
other  investigators  have  pre- 
viously shown  that  both  the  multi- 
ple injection  regimen  with  dos- 
age adjustments  by  frequent 
home  testing  of  blood  glucose 
and  insulin  pump  therapy  can 
achieve  good  control  in  pregnant 
diabetics.  Both  methods,  how- 
ever, require  careful  monitoring 


The  goal  of  the  randomized 
trial  was  to  establish  how  the 
method  of  insulin  administration 
itself,  independent  of  other  fac- 
tors, influences  metabolic  con- 
trol "The  question  is  whether  the 
patients  do  well  because  of  the 
method  of  therapy  or  because 
we  are  paying  close  attention  to 
their  glucose  levels  Dr  Cou- 
stan explains 

Subjects  in  the  study  con- 
ducted at  the  General  Clinical 
Research  Center  (GCRC)  of  the 
Yale-New  Haven  Medical  Center 
in  Connecticut,  had  had  msulm- 
dependent  diabetes  for  3  to  20 
years  and  were  taking  at  least 
two  daily  injections  of  a  mixture 
of  rapid-  and  intermediate-acting 
insulin  Following  baseline  stud- 
ies and  randomization  all  re- 
mained in  the  inpatient  GCRC  for 
2  to  7  days  to  optimize  control  on 
their  assigned  regimen 

Both  groups  had  similar  insulin 
requirements  prior  to  entering 


Insulin  pumps  are  now  compact 
and  unobtrusive.  They  allow  a 
near  normal  lifestyle  by 
continuously  releasing  insulin 
into  the  tissue  and  thereby 
eliminating  the  need  for 
in/ections. 
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the  study,  but  pump  patients  re- 
quired significantly  less  insulin 
than  did  intensive  conventional 
therapy  (ICT)  patients  during  the 
last  two  trimesters. 

Patients  on  ICT  administered 
two  to  tour  daily  subcutaneous 
insulin  injections  These  patients 
and  those  on  pump  therapy 
measured  blood  glucose  levels 
six  to  seven  times  per  day  at 
home  Weekly  laboratory  meas- 
urements on  specimens  brought 
in  by  patients  corroborated  home 
monitoring  results.  Insulin  doses 
were  continuously  adiusted  to 
maintain  a  blood  glucose  level 
between  50  and  120  mg/dL. 

Patients  also  maintained  daily 
or  alternate-day  telephone  con- 
tact with  a  GCRC  research  nurse 
for  insulin  adjustments  as  well  as 
a  detailed  log  in  which  all  glu- 
cose values  and  all  subjective 
episodes  of  hypoglycemia  were 
recorded  Patients  were  also 
monitored  during  weekly  outpa- 
tient visits  to  the  GCRC.  and  all 
had  at  least  one  24-hour  inpa- 
tient evaluation  during  each  tri- 
mester of  pregnancy. 

There  were  no  significant  dif- 
ferences between  the  two 
groups'  home  glucose  monitor- 
ing results  throughout  preg- 
nancy Mean  values  were  below 
120  mg/dL  in  19  patients  Only 
one  pump  patient  and  two  con- 
ventionally treated  patients  had 
higher  mean  levels,  the  highest 
being  127  mg/dL 


Glycosylated  hemoglobin  lev- 
els did  not  differ  significantly  be- 
tween the  groups.  These  levels 
fell  by  the  end  of  2  months  of 
treatment  and  remained  within 
the  range  for  healthy,  nonpreg- 
nant controls  Plasma  glucose 
fluctuations  did  not  differ  be- 
tween the  two  groups  and  were 
in  the  ranges  seen  in  nondiabe- 
tics  (three  sublets)  or  stable  di- 
abetics (16  subjects) 

Gestational  age  and  birth 
weights  were  not  significantly  dif- 
ferent between  the  infants  of  the 
two  groups  of  mothers.  Transient 
neonatal  hypoglycemia  ap- 
peared in  one  infant  in  each 
group  One  in  the  ICT  group  de- 
veloped moderate  respiratory 
distress  syndrome.  None  of  the 
infants  had  congenital  anomalies 
or  low  Apgar  scores 

No  pump  malfunctions  oc- 
curred, and  none  of  the  patients 
had  any  episodes  of  ketoaci- 
dosis. 

All  the  patients  in  both  study 
groups  were  intelligent  and 
highly  motivated,  he  empha- 
sizes "The  pump  is  less  impor- 
tant than  patient  motivation,"  Dr. 
Coustan  says.  "I  only  use  the 
pump  in  a  small  number  of  preg- 
nant diabetics  who  have  great 
difficulty  achieving  control. 
Those  who  are  willing  to  use  it 
have  a  little  more  freedom  and 
flexibility,  but  it  is  also  more  ex- 
pensive than  conventional  ther- 
apy," he  says 


The  research  described  in  this  article  was  supported  in  part  by  the 
National  Institute  of  Child  Health  and  Human  Development,  the  Gen- 
eral Clinical  Research  Centers  Program  of  the  NIH  Division  of  Re- 
search Resources,  the  Juvenile  Diabetes  Foundation,  American  Di- 
abetes Foundation,  the  March  of  Dimes  Birth  Defects  Foundation, 
and  the  Diabetes  Association  of  Greater  Fall  River,  Massachusetts. 
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Electromagnetic  Energy  Treats  Hypothermia 


Hypothermia  often  results  from  pro- 
longed exposure  to  cold  under  adverse 
conditions,  such  as  by  immersion  of  per- 
sonnel in  water  following  boating  ac- 
cidents or  downed  aircraft.  The  core 
temperature  of  a  person  falls  significantly 
below  normal. 

Peritoneal  dialysis  (a  process  that  in- 
ternally warms  the  body  with  circulating 
fluids)  has  been  the  preferred  treatment 
for  severe  hypothermia;  but  that  is  an  in- 
vasive process,  requiring  clinical  support 
and  is  not  practical  in  remote  field  loca- 
tions or  aboard  ships  with  limited  medical 
facilities. 

Researchers  at  the  Naval  Aerospace 
Medical  Research  Laboratory  have  in- 
vented a  non-invasive  apparatus  that  re- 
quires no  clinical  support  and  can  be  used 
in  remote  locations.  The  apparatus 
generates  electromagnetic  fields  to  in- 
teract with  the  body  to  effect  internal 
warming  which  can  bring  a  person  out  of 
a  severe  hypothermic  state  relatively 
quickly. 

The  electromagnetic  apparatus  in- 
ternally heats  the  hypothermia  victim  by 


radio  frequency  waves  and  can  accom- 
modate a  wide  range  of  an  individual's 
size  and  mass. 

This  practical  radio  frequency  device 
produces  relatively  uniform  heating 
throughout  the  central  body  region  con- 
taining the  heart,  lessening  the  chance  for 
cardiac  arrest,  which  could  occur  if  the 
body  warms  up  faster  than  the  heart. 

Also,  the  device  would  not  normally 
cause  disruptive  electromagnetic  in- 
terference in  aircraft  systems.  In  its  most 
portable  form,  it  can  be  safely  used  as 
first  aid  in  a  rescue  operation  and  can  be 
readily  -donned  by  an  ambulatory 
hypothermic  casualty  or  easily  attached 
to  an  unconscious  victim. 
For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
Code  E2 11 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)663-8921 

Rcfcrtol20103/TN 
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Licensing 
Opportunities 


Department  of  Energy 


Technology  Application 


Ocular  Radioactivity  Monitor 

The  unique  features  of  the  instrument  include  a  patient  positioning  device  to  allow 
accurate  vertical  and  independent  horizontal  positioning  of  two  radiation  detectors* 
Electronics  are  provided  to  allow  simultaneous  detection  and  recording  of  radio- 
activity IN  EITHER  EYE  FROM  AN  INJECTED  RADIOPHARMACEUTICAL  (E-G.,  GALLIUM~67 

citrate). 

SFAGE  OF  DEVELOPMENT 

The  instrument  has  been  evaluated  in  control  subjects  and  patients  with  patholog- 
ically CONFIRMED  OCULAR  MELANOMA  TUMORS- 

APPLICATIONS 

Tumor  detect  ion,  especially  malignant  eye  melanoma,  study  of  ocular  blood  flow 
particularly  in  glaucoma  and  in  degenerative  diseases  of  the  posterior  section  of  the 

EYE- 

PATENT  STATUS 

Patent  #4,479,931  issued  10/30/84  available  for  exclusive  or  non-exclusive  licensing. 

PUBLICATIONS 

R.M.  Lambrecht,  S.  Packer,  and  H-L-  Arkins,  Differential  Radioactivity  Monitor  for 
Non-Invasive  Detection  of  Ocular  Melanoma.  Nuclear  Medicine  Communications  £» 

Mew  York  Times,  November  3,  1984,  p.  30- 

ADDITIONAL  INFORMATION 

W.  Marcuse,  Office  of  Research  and  Technology  Applications,  Brookhaven  National 
Laboratory,  Upton,  Long  Island,  New  York  11973.  Telephone:  (bib)  282-2103, 
FTS:  666-2103 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Automated  Breathing  and  Metabolic  Simulator 


No.  271 


Objective 

Develop  a  machine  which  can 
accurately  simulate  both  the 
breathing  and  metabolic  func- 
tions of  a  human  being.  The 
advantages  of  such  a  machine 
over  a  human  being  for  testing 
of  respiratory  protective  devices 
lie  in  its  ability  to  quantify  meta- 
bolic input,  its  repeatability,  and 
the  lack  of  a  need  to  deal  with 
the  vagaries  of  human  subjects. 
Breathing  simulation  has  been 
widely  achieved  throughout  the 
world  but  metabolic  simulation 
has  not. 

Approach 

Utilize  the  latest  computer  tech- 
nology and  place  the  complex 
portion  of  the  system  in  soft- 
ware, leaving  the  mechanical 
portion  as  simple  as  possible. 

How  It  Works 

The  concept  for  the  automated 
breathing  and  metabolic  simula- 
tor (ABMS)  was  developed 
through  a  research  contract  with 
the  Pennsylvania  State  Uni- 
versity. The  ABMS  utilizes  a 
continuous  removal/replace- 
ment concept  to  simulate  meta- 
bolic functions,  with  breathing 
and  metabolic  functions  being 
controlled  by  a  computer.  The 
mechanical  portion  of  the 
machine  is  simple;  the  complex- 
ity of  the  system  lies  in  its 
computer  software  which  is  not 


subject  to   maintenance   prob- 
lems. 

The  ABMS  has  the  capability 
to  vary,  over  a  wide  range,  the 
following  metabolic  parameters: 
ventilation  rate,  oxygen  con- 
sumption rate,  C02  production 
rate,  respiratory  frequency,  tidal 
volume,  breathing  waveform, 
and  breathing  gas  temperature. 
Also,  any  number  of  workrates 
may  be  combined  in  any  order 
to  simulate  various  activities. 
The  ABMS  monitors  numerous 


factors  including  average  in- 
haled levels  of  02  and  C02, 
breathing  resistance,  and  in- 
haled gas  temperatures.  The 
results  of  a  test  are  stored  and 
may  be  plotted  in  any  manner 
desired.  The  ABMS  enables 
quantitative  testing  of  breathing 
apparatus  which  are  used  in  the 
mining  industry  for  both  escape 
and  rescue.  At  present,  such 
apparatus  are  tested  and  cer- 
tified by  NIOSH  using  human 
subjects  of  various  weights.  This 


The  Automated  Breathing  and  Metabolic  Simulator  system  compo- 
nents. 
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makes  it  difficult  for  apparatus 
manufacturers  to  design  their 
apparatus  since  they  do  not 
know  if  their  apparatus  will  be 
tested  by  someone  who  weighs 
150  lbs  or  250  lbs.  They  must, 
therefore,  overdesign  their 
apparatus  to  be  sure  that  it 
passes  the  tests  in  the  worst 
case  situation.  Also  present  in 
human  subject  testing  are  many 
unknown  variables  such  as  flow 
rate,  and  exact  C02  production 
and  oxygen  consumption.  The 
Bureau  may,  in  the  near  future, 
propose  to  NIOSH  that  such  a 
simulator  be  used  in  certification 
testing  of  breathing  apparatus  to 
correct  the  perceived  deficien- 
cies in  the  present  methods. 

Test  Results 

The  ABMS  has  been  under 
evaluation  since  March  1985.  It 
has  demonstrated  an  accuracy 
to  within  5%  of  desired  values 
with  very  good  repeatability. 
Data  acquisition,  storage,  and 
presentation  are  vastly  superior 
to  former  methods,  thus  helping 
to  streamline  apparatus  testing 
procedures. 


Patent  Status 

The  Bureau  of  Mines  has  not 
applied  for  a  patent  on  this 
device. 


For  More  Information 

A  report  which  details  the  design 
of  this  machine  is  available  from 
the  Bureau  as  Information 
Circular  (IC)  9110  entitled  "De- 
velopment of  an  Automated 
Breathing  and  Metabolic  Simu- 


lator." A  free  single  copy  of  this 
report  may  be  obtained  by  writ- 
ing the  Bureau's  Publication 
Distribution  Section,  P.O.  Box 
18070,  Cochrans  Mill  Road, 
Pittsburgh,  PA  15236.  The 
ABMS  is  available  commercial- 
ly. For  additional  information  or 
answers  to  technical  questions, 
please  contact  Mr.  Nicholas 
Kyriazi,  Biomedical  Engineer, 
Bureau  of  Mines,  Pittsburgh  Re- 
search Center,  P.O.  Box  18070, 
Pittsburgh,  PA  15236  or  tele- 
phone him  at  412/675-6478. 
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Flow  diagram  shows  how  the  ABMS  works. 
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Multi-Mode  Computer  Interface  for  Data 
Acquisition  for  Nuclear  Medicine  Imaging  Devices 

The  interface  accepts  data  from  16  independent  devices,  including  two  scintillation 
cameras  and  auxiliary  instruments.   the  data  is  digitized  and  transferred  to  a 

COMPUTER.  The  CAMERA  EVENTS  PLUS  THE  ENERGY  ASSOCIATED  WITH  EACH  EVENT  ARE  RECORDED 
ALONG  WITH  ELECTROCARDIOGRAPHIC  DATA,  PULMONARY  DATA  AND  THE  RATE  OF  ACTIVITY-  1  HE 
INTERFACE  WAS  DEVELOPED  FOR  THE  UNICON  IMAGING  DEVICE  BUT,  WITH  MODIFICATION,  SHOULD 
PROVE  USABLE  WITH  OTHER  NUCLEAR  MEDICAL  AND  MAGNETIC  RESONANCE  IMAGING  DEVICES-  1  HE 
COMPUTER  INTERFACE  PROVIDES  THE  DATA  PROCESSING  CAPABILITY  THAT  PERMITS  REAL  TIME 
ANALYSIS  OF  RELATED  ACTIVITIES  IN  DIFFERENT  ORGANS  AND  PORTIONS  OF  THE  BODY- 

STAGE  OF  DEVELOPMENT 

A  PROTOTYPE  HAS  BEEN  PRODUCED  AND  IS  OPERATING  IN  CONJUNCTION  WITH  THE  UNICON  MEDICAL 
IMAGING  DEVICE  AT  BROOKHAVEN. 

APPLICATIONS 

THE  INTERFACE  IS  USED  WITH  NUCLEAR 
CAPABILITY  OF  PROCESSING  THE  IMAGED 
CONCENTRATIONS  AND  RATES  OF  CHANGE  OF 
ACTIVITIES,  PREVIOUSLY  NOT  POSSIBLE- 


MEDICINE  IMAGING  DEVICES-  IT  CREATES  THE 
INFORMATION  AND  PROVIDING  KNOWLEDGE  OF  ThE 
CONCENTRATION  OF  RADIONUCLIDES  IN  CORRELATED 


PATENT  STATUS 

Not  Patented 

PUBLICATIONS 

G-W-  Bennett,  Y-  Bizais,  K-I-  Kirn,  Y-  Yonekurd,  G-  Zubal,  A-  Brill,  The  Unicon,  A 
Universal  Nuclear  Imaging  Construct,  Proc-  Int'l  Workshop  on  Physics  and  Engineering 
in  Medical  Imaging,  Asilowar,  CA-  March  1982,  IEEE  Cat-  No-  82-CHl7bl-/- 

G-W-  Bennett,  A-B-  Brill,  G-  Zubal,  R-W-  Rowe,  Y-  Bizais,  R-  Dobert,  UN1CUN  -  A 
Single  Instrument  for  PET,  SPECTARD  Clinical  Imaging,  Proc-  of  World  Congress 
onMedical  Physics  and  Biomedical  Engineering,  Hamburg,  1982- 

I.G.  Zubal,  R-W-  Rowe,  Y-  Bizais,  G-W-  Bennett,  A-B-  Brill,  Software  Programmable 
Multi-Mode  Interface-  Proc-  First  Computer  Society  Int'l-  Conference  on  medical 
Computer  Science,  Philadelphia,  PA,  September  25-2b,  1982-  IEEE  Cat-  no- 
82-CH1797-0. 

I.G.  Yubal,  Y.  Bizais,  G-W-  Bennett,  A-B.  Brill,  Dual  Gated  Nuclear  Cardiac  Imaging- 
IEEE  Trans-  Nuc-  Sci.,  Vol-  NS-31,  Issue  1,  February,  1984,  bbb~bb9- 

ADD I TONAL  INFORMATION 

W.  Marcuse,  Office  of  Research  and  Iechnology  Applications,  Brookhaven  National 
Laboratory,  Upton,  New  York  11973.  Telephone:  (bib)  282-21U3,  Fib:  bbb~2lu:> 
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National  Aeronautics  and 
Space  Administration 


Licensing 
Opportunity 


Measurement  of  Human 
Blood  and  Plasma  Volumes 

The  use  of  radioiodine  can  be 
avoided. 

A  report  reviews  techniques  for  measur- 
ing the  blood-plasma  volume  in  humans. 
According  to  the  authors,  the  common 
technique  of  using  a  radioactive  iodine  iso- 
tope to  label  the  plasma  albumin  may  in- 
volve unwarranted  risks  from  the  low-level 
radiation.  Consequently,  they  emphasize 
techniques  using  Evans-blue-dye  (T-1824) 
labeling  of  albumin,  hematocrit  or  hemo- 
globin/hematocrit  measurements,  or  blood 
densitometry. 

In  the  Evans-blue-dye  technique,  the 
plasma  volume  is  determined  from  the  de- 
crease in  dye  concentration  occurring 
after  a  small  amount  of  dye  solution  has 
been  injected  into  the  circulatory  system; 
the  dye  concentrations  are  determined 
from  the  spectrophotometric  absorbance 
at  615  nm,  and  a  correction  factor  (1.03) 
corrects  for  the  slow  uptake  of  dye  by  non- 
blood  tissue.  The  use  of  a  column-chroma- 
tographic  purification  procedure  has 
reduced  the  variability  of  this  tech- 
nique —  by  removing  interfering  sub- 
stances from  the  dyed  plasma  samples. 
The  subjection  of  Evans  blue  dye  to  the 
Ames  test  for  carcinogenicity  gave  nega- 
tive results. 

The  accuracy  and  reliability  of  this  dye 
technique  depends  upon  the  stability  of  the 
plasma  albumin  content  over  the  period  of 
measurement.  This  content  can  be  low- 
ered by  as  much  as  8  percent  by  1 0  min  of 
strenuous  exercise.  The  accuracy  and  re- 
liability also  depend  upon  the  kinetics  of  the 


bond  between  the  dye  molecule  and  al- 
bumin molecule.  The  results  obtained 
using  this  technique  agree  closely  with 
those  in  which  the  albumin  is  labeled  with 
radioiodine  (1-131). 

Repeated  dye  injections  result  in  the 
saturation  of  the  albumin-binding  sites, 
creating  such  high  preinfusion  plasma 
concentrations  that  the  injection  of  addi- 
tional dye  cannot  be  measured  accurately. 
As  a  result,  the  short-terrh  (hourly)  changes 
in  plasma  volume  have  been  calculated 
from  sequential  measurements  of  the 
hematocrit  (Hct)  and  the  hemoglobin  (Hb) 
concentrations  or  from  the  Hct  alone.  (The 
Hct  is  the  ratio  of  the  packed-cell  volume  to 
the  cell  volume  plus  the  plasma  volume.) 
The  percent  change  of  the  plasma  volume 
(PV)  at  times  a  and  b  is  given  by  the  equa- 
tion: 


%  APV  =  100 


Hb_b 
Hb, 


1  -  Hct. 
1  -  Hct, 


100 


If  the  red-cell  volume  and  the  ratio  of  the 
volumes  of  red  and  white  blood  cells  re- 
main constant,  changes  in  the  Hct  alone 
can  be  used  to  calculate  the  changes  in 
thePV. 

Errors  in  the  Hct  and  Hct/Hb  techniques 
include  errors  in  the  measurement  of 
these  parameters  and  the  probable  error  in 
using  antecubital  (i.e.,  inner  forearm) 
venous  blood  values  as  representative  of 
total  blood  volume  levels.  Moreover,  the 


act  of  drawing  blood  samples  through  a 
catheter  may  cause  a  change  in  vascular 
hemodynamics  and  change  the  Hct  and 
the  Hb  concentrations:  neither  technique 
can  be  used  to  estimate  changes  in  PV 
continuously. 

Such  continuous  estimates  can  be 
made  by  blood  densitometry.  With  the  me- 
chanical-oscillator technique,  densities  of 
small  blood  samples  (>  50  pi)  can  be 
determined  with  high  accuracy  (to  10"6 
g/ml)  by  measuring  the  resonant  frequency 
of  an  oscillating  U-shaped  glass  tube  con- 
taining the  fluid  sample.  Variations  in 
plasma  density,  which  are  influenced  by 
lipid,  glucose,  and  urea  concentrations, 
may  diminish  the  accuracy  of  densitome- 
try for  the  determination  of  the  protein  con- 
centration and  Hct,  although  the  technique 
remains  effective  for  screening.  However, 
in  a  single  experiment,  in  which  confoun- 
ding factors  can  be  assumed  constant, 
density  alterations  are  a  precise  measure 
of  shifts  in  plasma-protein  and  Hb  concen- 
trations and  can  be  used  for  measurement 
of  vascular  fluid  shifts. 

This  work  was  done  by  John  E. 
Greenleaf  and  Helmut  G.  Hinghofer 
SzalkayofAmes  Research  Center. 
"Plasma  Volume  Methodology:  Evans 
Blue,  Hb-Hct,  and  Mass  Density  Trans- 
formations, " 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-1168&/TN 
Ames  Research  Center 
Technology  Utilization  Officer: 
Laurance  A.  Milov 
Mail  Code  204-10 
Moffett  Field,  CA  94035 
(415)694-5761 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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Technology  News 

From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Fracture  Dewatering  to  Reduce  Underground  Mine 
Flow 

No.  273 


Objective 

Control  the  release  of  ground- 
water into  active  underground 
coal  workings  by  short-term 
pumping  from  dewatering  wells 
sited  on  fractures. 


Approach 

The  sudden  release  of  fracture- 
stored  groundwater  into  under- 
ground coal  workings  often 
occurs  when  mine  workings  are 
developed  beneath  fracture  val- 
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Fracture-sited  dewatering  wells  in  relation  to  underlying  mine  workings. 


leys.  Pumping  from  fracture 
trace-sited  dewatering  wells, 
prior  to  development  of  the 
underlying  workings,  can  be  an 
efficient  means  of  intercepting 
fracture-stored  groundwater  be- 
fore it  is  released  into  the  mine. 
Dewatering  operations  are  dis- 
continued once  the  underlying 
mine  workings  have  been  fully 
developed,  and  the  maximum 
possible  reduction  in  fracture 
storage  has  been  achieved 
through  pumping. 

How  It  Works 

An  aerial  photographic  techni- 
que known  as  fracture  trace 
analysis  is  used  to  site  dewater- 
ing wells  on  rock  fractures  in  a 
valley  bottom.  Downhole  caliper 
and  temperature  logs  are  used 
to  assess  the  fracture  flow 
potential  of  each  dewatering 
well  drilled. 

The  objective  of  short-term 
well  pumping  is  to  reduce  the 
piezometric  head  to  a  level  that 
is  no  lower  than  the  level  that 
would  ordinarily  occur  as  a 
result  of  undermining.  Thus, 
relatively  shallow,  large  dia- 
meter wells  are  appropriate  for 
mine  dewatering  operations. 

Steady-state  drawdown  con- 
ditions observed  in  dewatering 
and  monitoring  wells  indicate 
that  the  underlying  fractures  are 
being  recharged  by  the  matrix 
rock  at  the  same  rate  that  water 
is   being   discharged   from   the 
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The  influence  of  fracture  intercepts  on  drawdown  in  a  dewatering  well  bore. 


wells.  At  this  point,  the  max- 
imum possible  reduction  in  frac- 
ture storage  water  has  been 
achieved  and  the  wells  may  be 
shut  off.  The  newly-developed 
mine  workings  take  over  as  the 
discharge  point  for  the  reduced 
volume  of  ground  water  that  is 
transmitted  by  the  fracture  net- 
work from  the  rock  matrix  to  the 
mine  void. 

Test  Results 

A  78-day  fracture  dewatering 
experiment  was  recently  com- 
pleted at  an  underground  mine 
in  western  Pennsylvania.  Three 
dewatering  wells  were  drilled  on 
fracture  traces  in  an  incised 
valley  setting.  The  valley  was 
underlain  by  Vz  sq.  mi.  of  de- 
veloping mine  workings. 
Initially,   the  cumulative  dis- 


charge rate  from  the  three  wells 
was  180,000  gpd.  After  20  days 
of  pumping,  cumulative  well  dis- 
charge had  declined  to  43,000 
gpd,  and  mine  inflow  had  been 
reduced  by  26,000  gpd.  Steady- 
state  dewatering  efficiency  (the 
reduction  in  mine  inflow  as  a 
percentage  of  dewatering  well 
discharge)  reached  75  pet  by 
the  end  of  the  experiment, 
although  dewatering  efficiency 
rose  from  zero  to  60  pet  during 
the  first  20  days  of  pumping. 
The  rapid  increase  in  efficiency 
coincided  with  the  dewatering  of 
major  fracture  intercepts,  in  the 
three  dewatering  well-bores. 

Steady-state  hydrologic  con- 
ditions were  reached  after  about 
20  days  of  pumping,  indicating 
that  the  maximum  possible  re- 
duction in  fracture  storage  had 
been  achieved.  After  20  days 


dewatering  wells  were  no  longer 
effective  (or  needed)  for  con- 
trolling storage  water  release 
into  the  underlying  workings. 
More  then  50  days  after  the 
pumps  were  shut  off,  mine 
inflow  was  still  19,000  gpd  be- 
low the  level  at  the  start  of  the 
experiment. 

For  More  Information 

A  final  report,  and  two  recent 
publications  pertaining  to  the 
results  of  this  project  are  avail- 
able. To  obtain  copies  or  to 
obtain  more  information  write  to: 

R.D.  Schmidt 

Hydrologist 

Bureau  of  Mines 

Twin  Cities  Research  Center 

5629  Minnehaha  Av.  S. 

Minneapolis,  MN  55417 

Telephone  612/725-3461 


energygram 


PREDICTION  OF  SOIL  AND  WATER  ACIDIFICATION 


Controversy  surrounds  the  effects  of  acid 
deposition  on  soil  and  water  acidity.  A  workshop 
was  held  to  explore  mechanisms,  both  natural 
and  anthropogenic,  by  which  soils  and  waters 
acidify  and  the  contribution  of  acid  deposition  to 
these  processes.  A  major  highlight  of  this 
workshop  was  a  basic  agreement  on  a 
hypothesis  for  water  acidification  based  on  a 
rather  simple  model  of  soil  solution  chemistry. 
This  model  is  currently  being  expanded  and 
tested  at  a  variety  of  institutions.  In  the  past 
there  has  been  no  agreement  on  an  appropriate 
conceptual  framework  for  describing  and 
assessing  water  acidification.  The  new  model  is 
potentially  useful  for  explaining  aluminum  toxicity 
in  terrestrial  plants. 


J.  O.  Reuss  and  D.  W.  Johnson,  "Effect  of  Sod  Processes 
on  the  Acidification  of  Water  by  Acid  Deposrbon."  J. 
Environ.  Qual.  14.  26-31  (1985). 

N.  Christopherson,  H.  M.  Seip,  and  R.    F.  Wright.  "A  Model 
for  Streamwater  Chemistry  at  Birkenes,  Norway,"  Water 
Resour.  Res.  18(4).  977-996  (1982). 

J.  N.  Galloway,  S.  A.  Norton,  and  M.    R.  Church, 
"Freshwater  Acidification  from  Atmospheric  Deposition:  A 
Conceptual  Model,"  Environ.  Sci.  Techno).  17(11), 
541A-545A  (1983). 

D.  W.  Johnson,  "The  Natural  Acidity  of  Some  Unpofluted 
Waters  in  Southeastern  Alaska  and  Potential  Impacts  of  Acid 
Rain,"  Water,  Air.  Soil  Pollut.  16,  243-252  (1981). 

D.  W.  Johnson,  Predicting  Soil  and  Water 

Acidification — Proceedings  of  a  Workshop.  ORNL/TM-9258 

Oak  Ridge  National  Laboratory  (February    1 985). 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  8ox  X 

Oak  Ridge,  TN  37831 

Telephone:   (615)574-4192 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Molded  Concrete  Center  Mine  Wall 

An  extruded  structure  would  provide  ventilation  and  roof  support. 


A  proposed  semiautomatic  system 
would  form  a  concrete-foam  wall  along 
the  middle  of  a  coal-mine  passage.  The 
wall  would  help  support  the  roof  and 
would  divide  the  passage  into  the  two 
conduits  needed  for  the  ventilation  of  the 
coal  face. 

The  conceptual  system  (see  figure)  is 
mounted  on  a  maneuverable,  self-pro- 
pelled pair  of  vehicles.  The  rear  vehicle 
straddles  the  section  of  wall  under  con- 
struction and  carries  a  mobile  form  in 
which  the  section  of  wall  is  to  be  molded. 


A  set  of  hydraulic  cylinders  adjusts  the 
form  height  to  the  roof  height  at  different 
locations.  To  accommodate  local  rough- 
ness and  curvature,  inflated  tubes  at  the 
top  and  bottom  of  the  form  serve  as 
compliant  extensions  that  seal  the  form 
to  the  floor  and  the  roof. 

A  web  of  glass-fiber  roving  is  applied 
to  the  inner  surface  of  the  form  on  each 
side,  in  effect  forming  a  mold  lining.  Con- 
crete foam  is  pumped  from  a  portable 
concrete-mixing-and-foaming  unit  into 
the  form  in  the  space  between  the  webs. 


The  webs  increase  the  surface  strength 
of  the  wall  and  act  as  a  mold  release. 
Thus,  when  the  concrete  has  hardened, 
the  vehicles  can  simply  move  forward  to 
mold  the  adjoining  section  of  wall;  it  is 
not  necessary  to  flush  the  form. 

This  work  was  done  by  Edward  V. 
Lewis  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-16195/TN 
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SECTION  A-A 


A  Mobile  Mold  and  Concrete-Foam  Generator  form  sections  of  wall  in  place. 
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Planning  Orbiter  Flights 

Maps  and  ephemeris  data 
are  generated. 

The  Shuttle  Mission  Design  and  Opera- 
tions Software  (SMDOS)  assists  in  the 
design  and  operation  of  missions  involving 
spacecraft  in  low  orbits  around  the  Earth 
by  providing  orbital  and  graphics  informa- 
tion. SMDOS  can  plot  radar-impingement 
swaths,  nadir  tracks  (projections  of  space- 
craft orbital  paths  on  Earth),  and  maps  with 
or  without  specific  site  locations.  SMDOS 
was  successfully  used  in  the  1984  Space 
Shuttle  Imaging  Radar  project  (SIR-B).  This 
mission  involved  the  recording  of  radar 
pulses  aimed  at  designated  areas  of  the 
Earth  for  new  agricultural,  oceanographlc, 
and  geological  information. 

SMDOS  can  perform  the  following  five 
functions:  (1)  display  two  world  and  two 
polar  maps  or  any  user-defined  window  5  ° 
high  in  latitude  by  5  °  wide  in  longitude  in 
one  of  eight  standard  projections,  (2) 
designate  Earth  sites  by  points  or  polygon 
shapes,  (3)  plot  the  spacecraft  ground 
track  with  1-min  demarcation  lines,  (4) 


display,  by  means  of  different  colors,  the 
availability  of  the  Tracking  and  Data  Relay 
Satellite  to  the  Shuttle,  and  (5)  calculate  the 
available  times  and  orbits  to  view  a  par- 
ticular site,  and  the  corresponding  look 
angles. 

SMDOS  is  menu-driven  and  displays 
prompts  for  the  required  input.  The  user 
creates  an  ephemeris  with  SMDOS,  gener- 
ating the  latitude,  longitude,  and  altitude  of 
the  spacecraft.  This  file  can  be  manually 
created  using  orbital  elements,  or  automa- 
tically generated  by  using  such  formal 
state  vectors  as  those  supplied  by  the 
Johnson  Space  Center. 

SMDOS  is  written  in  Laboratory  Micro- 
systems FORTH  (1979  standard)  for  inter- 
active execution  and  has  been  imple- 
mented on  an  IBM  XT  computer  operating 
under  DOS  with  a  central-memory  require- 
ment of  approximately  512  Kbytes.  IBM  AT 
graphics  are  not  compatible.  SMDOS  re- 
quires the  following  hardware:  8087  math 


coprocessor,  monochrome  dspiay,  cotor 
graphics  board  and  RGB  monitor,  and  a 
hard  disk.  A  dot-matrix  printer  and  an 
IBM  EY-750  Plotter  are  optional  to  exercise 
all  capabilities.  SMDOS  was  de/etoped  in 
1984. 

This  program  was  written  by  Henry  M 
Harris,  Mark  J.  Bergam,  Su  L  Kim,  and 
Elizabeth  A.  Smith  of  Cattech  r0r  NASA's 
Jet  Propulsion  Laboratory 
NPO-16933/TN 
FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC* 

112  Barrow  Hall 
University  ol  Georgia 
Athens.  GA  30620 
(404)  542-3265 
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^jJHP  National  Oceanic  and  Atmospheric  Administration 


Computer 
Software 


National  Oceanic  and  Atmospheric  Administration 

National  Environmental  Satellite,  Data,  and  Information  Service 
National  Geophysical  Data  Center 


Spacecraft  Anomaly  Data  and  Software 


A  data  base  of  spacecraft  anomalies  is  available  from  the  Solar- 
Terrestrial  Physics  Division  of  the  National  Geophysical  Data  Center  (NGDC) 
in  Boulder,  Colorado.  It  includes  the  date,  time,  location,  and  other  per- 
tinent information  about  incidents  of  spacecraft  operational  irregularity  due 
to  environmental  effects.  These  events  range  from  minor  operational  problems 
that  can  be  easily  corrected  to  permanent  spacecraft  failures.  The  data  base 
includes  spacecraft  in  interplanetary  space  and  in  near-earth  orbit,  but  it 
mainly  concerns  geostationary  spacecraft.  About  1600  anomalies  have  been 
reported  from  several  nations  and  multi-national  companies,  and  cover  the  inter- 
val from  1971  to  the,  present. 

The  data  base  is  maintained  on  an  IBM-compatible  personal  computer  in  a 
dBase  III  type  file.  To  facilitate  access  to  the  information,  custom  software, 
called  the  Spacecraft  Anomaly  Manager  (SAM) ,  has  been  written  to  perform  a  full 
range  of  functions  for  managing,  displaying,  and  analyzing  the  data  base.  The 
software  has  the  added  benefit  of  encouraging  contributors  of  anomaly  data  to 
provide  their  data  in  a  uniform,  ready-to-use  format.  Satellite  operators  can 
use  SAM  to  create  a  file  containing  only  anomalies  involving  their  spacecraft 
and  forward  the  data  to  NGDC  on  floppy  disk  for  inclusion  in  the  anomaly  data 
base.  An  alias  spacecraft  name  may  be  assigned  to  preserve  confidentiality. 

SAM  also  includes  two  important  functions  to  test  anomaly  collections  for 
environmental  relationships.  Histograms  of  local  time  and  of  monthly  frequency 
show  distinct  patterns  for  spacecraft  susceptible  to  static  charge  build-up  and 
subsequent  discharge.  The  figures  on  the  next  page  display  these  results  for 
the  GOES  entries. 

The  data  and  software  are  currently  on  two  IBM  compatible  floppy  disks  for 
the  nominal  cost  of  $30  per  disk.  Contributors  of  anomaly  data  may  obtain  the 
disks  on  an  exchange  basis. 

For  additional  information  contact:  Daniel  C.  Wilkinson,  NOAA,  Code  E/GC2, 
325  Broadway,  Boulder,  Colorado  80303.  Telephone  number:   (303)  497-6137,  FTS 
320-6137.   TeleMail:   JHALLEN. 
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MONTHLY 
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Anomaly 
Count 


Data   File:    DATA\ANOM4H       (July    1,    1987) 

Data  Filter:  BIRD=-GOES 

Date  of  First  Anomaly:  March  29,  1981 

Date  of  Last  Anomaly:  October  8,  1986 

Number  of  Days  in  This  Interval:  2019 

Mean  Number  of  Days  Between  Anomalies:   17.4 
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SPACECRAFT   ANOMALIES    by   MONTH    for    BIRD=GOES 
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STATISTICS-    LOCAL  TIME 


Hour   fcnom 
(LT)   Count 


Hour  Anom 
(LT)   Count 


Data  File:  DATA\ANOM4H   (July  1,  1987) 

Data  Filter:  BIRD=GOES 

Date  of  First  Anomaly:  March  29,  1981 

Date  of  Last  Anomaly:  October  8,  1986 

Number  of  Days  in  This  Interval:  2019 

Mean  Number  of  Days  Between  Anomalies:   18.0 

(Reports  without  a  local  time  are  excluded) 
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Physical  Sciences 

808  Reliable  and  Intense  Polarized  Ion  Source  for  Particle  Accelerators 

809  Vapor  Tagging  with  Perfluorinated  Compounds  (Licensing  Opportunity) 

81 0  Removal  of  Mercury  from  Water 

81 1  Chemical  Kinetics  Data  for  Combustion  Chemistry 

812  Fundamental  Contants  Recommended  Values 

813  Computerized  Database  on  Pure  Chemical  Compounds 

814  Parallel  Algorithm  Solves  Coupled  Differential  Equations  —  Numerical 
methods  are  adapted  to  concurrent  processing. 

Software 

817  Computer  Simulation  of  Ablator  Charring  —  Pyrolysis  effects  in  spacecraft 
re-entry  shielding  are  calculated. 

Testing  &  Instrumentation 

815  In-Vacuum  Dissociator  for  Atomic-Hydrogen  Masers  —  Thermal  control 
and  vaccum  sealing  is  achieved  while  contamination  is  avoided.  (Licens- 
ing Opportunity) 

816  Two-Range  Electrical  Thermometer  —  A  thermocouple  and  a  resistance 
thermometer  expand  the  thermometer  scale.  (Licensing  Opportunity) 

818  Non-Intrusive  Measurement  of  D20/H20  Mole  Percent  of  Heavy  Water  in 
Drums 

819  Technique  for  Detecting  Gaseous  Impurities  in  Silane 

820  Fast  Neutrons  Detected  in  a  Direct  One-Step  Process  with  New  Device 

821  Pressure  Transducer  Temperature  Compensation  Technique 

822  Water-Cooled  Optical  Thermometer  —  High  temperatures  are  measured 
without  contact. 

Other  items  of  Interest 

732      Controller  for  Fast-Acting  Furnaces  —  Circuit  slows  the  responses  of 
certain  furnace  types. 

787      Semi-Interpenetrating  Polymer  Networks  —  Desirable  qualities  are 

achieved  by  'networking'  aromatic  and  addition  polyimides  licensing 
Opportunity) 
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WA 


Department  of  Energy 


Technology  Application 


Reliable  and  Intense  Polarized  Ion  Source  for 
Particle  Accelerators 

This  device  generates  a  uA  beam  current  considerably  stronger  than  other  sources  of 
this  kind.     The  highly  efficient  design  of  ten  mA  pulsed  cesium  source  and  its 
neutralizer  is  much  more  reliable  decreasing  the  amount  of  maintenance  and 
unanticipated  downtime.     This  improves  the  efficiency  of  expensive  accelerators  and 
is  less  disruptive  to  experiments.     It  is  a  better  solution  as  a  source  of  high  intensity 
polarized  ions  than  any  other  existing  to  date. 

STAGE  OF  DEVELOPMENT 


This  source  has  been  produced  and  is  currently  used  to  produce  a   15-25  6eV  polarized 
proton  beam  at  Brookhaven. 

APPLICATIONS 

The  source  can  be  used  to  generate  negative  ions  for  any  experimental  machine.     It 
surpasses  the  other  polarized  negative  ion  sources  in  intensity  (I)  as  well  as  exceeding 
other  sources  by  at  least  a  factor  of  four  in  the  figure  of  merit  P   I  (P  is  the 
polarization  degree).     It  provides  stable  and  reliable  operation  for  weeks  on  end 
without  maintenance. 

PATENT  STATUS 

Not  Patented 

PUBLICATIONS 

J.  Alessi,  A.  Kponou,  Th.  Sluyters,  "A  25  A  Pulsed  Polarized  H-Source", 

6th  International  Symposium  on  High  Energy  Spin  Physics,  Marseille,  France,   1984. 

A.  Kponou,  J.  Alessi,  Th.  Sluyters,  "The  AGS  Polarized  H-Source",  IEEE  Trans. 
Nucl.  Sci. ,  NS-32,  Vol.   1764,   1985,  Particle  Accelerator  Conference,  Vancouver, 
Canada,   1985. 

J.  G.  Alessi,  A.  Hershcovitch,  A.  Kponou,  T.  Niinikoski,  Th.  Sluyters,  "Polarized 
H-Source  Development  at  BNL",  Linear  Accelerator  Conference,  SLAC,   1986. 

ADDITIONAL  INFORMATION 


W.  Marcuse,  Office  of  Research  and  Technology  Applications,  Brookhaven  National 

Laboratory,  Upton,  New  York   11973. 

Telephone:     (516)  282-2103  commercial;  FTS:  666-2103. 
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Technology  Application 


Vapor  Tagging  with  Perfluorinated  Compounds 

This  technology  was  developed  for  the  Bureau  of  Alcohol,  Tobacco  and  Firearms  of  the 
U.  S.  Treasury  Department,  for  detecting  blasting  caps  in  suitcases,  in  meeting  rooms, 
in  aircraft,  and  in  buildings.     It  consists  of  a  taggant,  that  is  rare  in  the  natural 
ambient  backgrounds,  and  a  detector  that  can  detect  minute  quantities  of  the  taggant. 
The  taggant  is  easy  and  inexpensive  to  apply  to  elastomers.     Sensors  can  be  custom 
built  for  about  $15,000.     Suitcase  screening  tests  were  successful  in  detecting  the 
taggants  presence  in  2-3  seconds  at  concentrations  that  simulated  tagging  done  two 
years  earlier. 

STAGE  OF  DEVELOPMENT 


The  taggant  and  detector  have  been  invented  and  patented.     The  cost  of  the  detector 
should  be  substantially  lower  if  produced  in  quantity.     An  application  must  be  identi- 
fied before  anyone  will  consider  commercially  producing  the  sensors. 

APPLICATIONS 

This  technology  can  be  used  to  improve  property  security.     It  might  be  used  on  con- 
tainers of  high  enriched  uranium  or  plutonium  to  prevent  unauthorized  removal  of  such 
material.     It  might  also  be  used  in  any  other  situation  where  high  valued  property 
(tools,  electronic  equipment,  drugs)  are  handled,  but  will  require  that  the  employees 
go  through  a  monitor  upon  exiting  from  the  plant. 

PATENT  STATUS 


Patent  #4,256,038  -  available  for  exclusive  or  non-exclusive  licensing 

PUBLICATIONS 

Dietz  et  al.,  Detection  of  Perfluorinated  Taggants  in  Electric  Blasting  Caps  by  Elec- 
tron Capture  Monitors 

BNL  25050  -  Presented  at  the  New  Concepts  Symposium  and  Workshop  on  Detection  and 
Identification  of  Explosives,  Reston,  Virginia  -   10/30,   10/31   and  11/1/78. 

Senum  et  al.,  Vapor  Tagging  of  Electric  Blasting  Caps  with  Perfluorinated  Compound  BNL 
25051  -  Presented  at  the  New  Concepts  Symposium  and  Workshop  on  Detection  and  Identi- 
fication of  Explosives,  Reston,  Virginia  -  10/30,   10/31   and  11/1/78. 

Dietz,  et  al.,  Evaluation  of  Detection  of  Tagged  Blasting  Caps  Utilizing  the  U.S.  Cus- 
toms Service  Automated  Baggage  Examiner  and  the  Brookhaven  Continuous  Electron 
Capture  Monitors  BNL  24959. 

ADDITIONAL  INFORMATION 


W.  Marcuse,  Office  of  Research  and  Technology  Applications,  Brookhaven  National  Labo- 
ratory, Upton,  Long  Island,  New  York   11973  -  516-282-2103,  FTS  666-2103 
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REMOVAL  OF  MERCURY  FROM  WATER 


A  treatment  process  has  been  developed  for 
removing  mercury  from  water.  The  process  is 
based  on  an  anion  exchange  resin  that  has  been 
modified  with  ferrous  sulfide.  Mercury 
concentrations  to  levels  as  low  as  0. 1  ppb 
(0.0001  mq/q)  have  been  achieved  in  laboratory 
tests.  Over  1.5  X  106  gallons  of  water  have 
been  treated  to  less  than  2  /*g/g. 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  X 

Oak  Ridge,  TN  37831 

Telephone:  (615)  574-4192 

M.  A.  Makarewicz,  C.  W.  Hancher,  and  P.  F.  Meredith, 
Mercury  Removal  from  Water,  Y/DZ-1 10,  Oak  Ridge  Y-12 
Plant  (June  1984). 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Chemical  Kinetics  Data  for  Combustion  Chemistry 

Researchers  in  the  NBS  Center  for  Chemical  Physics  have 
published  the  first  in  an  important  new  series  of 
compilations  of  evaluated  data  on  chemical  kinetics  for 
combustion  chemistry.     Computer  models  of  the  complex 
chemistry  of  combustion  have  become  important  tools  in  the 
development  of  combustion  systems  of  high  efficiency  and 
low  pollution,  but  such  models  can  never  be  better  than  the 
data  fed  to  them.     The  current  work  includes  critical  kinetic 
and  thermochemical  data  for  over  300  reactions  involving 
the  combustion  of  methane.     Later  work  will  expand  the 
coverage  to  include  the  data  needed  to  model  the  combustion 
of  all  the  alkanes,  and,  over  the  long  range,  other  organic 
compounds  typical  of  fossil  fuels. 

FOR  ADDITIONAL  INFORMATION;     The  first  part  of  this 
effort  is  given  in  the  journal  article,  "Chemical  Kinetic  Data 
Base  for  Combustion  Chemistry.     Part  I.  Methane  and  Related 
Compounds"  by  W.  Tsang  and  R.F.  Hampson  in  the  current 
issue  of  the  Journal  of  Physical  and  Chemical  Reference  Data 
(V.   15,  No.  3,  Pg.   1087). 


( 
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NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 


Fundamental  Contants  Recommended  Values 

Researchers  sponsored  by  the  Committee  on  Data  for  Science 
and  Technology  (CODATA)  have  completed  the   1986  Adjustment 
of  the  Fundamental  Physical  Constants.     These  are  the  basic 
quantities  used  in  physics  and  chemistry  worldwide  for 
scientific  investigations.     The  1986  set  of  recommended 
values  is  the  first  revision  to  the   1973  CODATA  report  that 
established  the  first  internationally  adopted  set  of 
values.     The  new  set  was  developed  over  a  5-year  period 
under  CODATA  sponsorship  by  physicists  Dr.  E.  Richard  Cohen 
at  Rockwell  International  Science  Center  and  Dr.  Barry  N. 
Taylor  at  NBS.     The  adjustment  includes  the  new  definition 
of  the  meter  in  terms  of  the  distance  traveled  by  light  in 
a  given  time,  measurements  linking  atomic  lattice  spacings 
to  optical  wavelengths  that  make  possible  significant 
improvement  in  the  determination  of  the  Avogadro  constant, 
and  measurements  of  the  quantization  of  the  electrical 
conductance  in  certain  semiconductor  devices--the  classical 
Hall  effect—discovered  by  Nobel  laureate  Klaus  von 
Klitzing  in  1980. 

FOR  ADDITIONAL  INFORMATION:     Copies  of  the   1986  Adjust- 
ment of  the  Fundamental  Physical  Constants,   CODATA  Bulletin 
63,  may  be  purchased  for  $15  prepaid  from  Pergamon  Press  Inc., 
Maxwell  House,  Fairview  Park,  Elmsform,  N.Y.     10523. 


NTIS  Tech  Notes   August  1987  ;;•• 


NBS  technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MD  20899 
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Computerized  Database  on  Pure  Chemical 
Compounds 


NBS  has  developed  a  new  computerized  standard  reference 
database  on  the  thermodynamic  and  physical  properties  of 
chemicals  which  provides  users  with  quick  access  to 
important  information  on  the  behavior  of  substances  and 
their  reactions  under  various  pressures  and  temperatures. 
Produced  under  an  agreement  between  NBS  and  the  American 
Institute  of  Chemical  Engineers  (AIChE),  the  database, 
DIPPR  (Design  Institute  for  Physical  Property  Data)  Data 
Compilation  of  Pure  Compound  Properties,  1  986,  contains 
information  on  39  properties  for  346  chemical  compounds  of 
high-industrial  priority.     It  is  anticipated  that  the 
database  eventually  will  contain  evaluated  data  on  more 
than  1,000  compounds.     The  new  reference  is  one  of  11 
databases  in  magnetic  tape  form  thaj-  are  available  from 
OSRD  for  lease  to  individuals,  distributors,  or 
subscription  search  services. 

FOR  ADDITIONAL  INFORMATION;  For  information  on  fees  and 
lease  agreements  for  DIPPR,  or  for  a  list  of  the  other  computer- 
ized standard  reference  databases  available  from  NBS,  contact: 

Office  of  Standard  Reference  Data,  A323  Physics  Building,  Na-  f 

tional  Bureau  of  Standards,  Gaithersberg,  MD    20899;  (301)  975-  " 

2208. 
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Parallel  Algorithm  Solves  Coupled  Differential  Equations 

Numerical  methods  are  adapted  to  concurrent  processing. 


'    Intermediate 
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BROADCASTING  SEQUENCE 
IN  HYPERCUBE 
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BROADCASTING  RING 

IN  PLANAR 

REPRESENTATION 

Figure  1 .  A  Ring  Is  Formed  in  the  hypercube 
(in  this  case,  a  3-dimensional  cube)  by  con- 
necting the  corners  in  a  sequence. 


An  algorithm  solves  a  set  of  coupled 
partial  differential  equations  by  numerical 
integration.  Adapted  to  run  on  a  hypercube 
computer,  the  algorithm  separates  the 
problem  into  smaller  problems  that  are 
solved  concurrently.  The  increase  in  com- 
puting speed  with  concurrent  processing 
over  that  achievable  with  conventional  se- 
quential processing  can  be  appreciable, 
especially  for  large  problems. 

The  hypercube  computer  contains 
N  =  2n  processors  connected  as  though 
each  were  at  the  corner  of  an  n-dimension- 
al  cube,  each  communicating  with  its  near- 
est neighbors  along  the  cube  edges.  The 
total  computational  problem  is  therefore 


broken  into  N  subprotolems  of  equal  (or 
nearly  equal)  complexity,  each  of  which  is 
processed  at  a  separate  node  In  most 
problems,  the  solutions  of  the  subprob- 
lems  must  be  exchanged  among  the 
nodes,  and  an  important  consideration  in 
the  development  of  this  and  all  algorithms 
is  the  minimization  of  communication  time 
to  achieve  the  maximum  speedup. 

The  algorithm  solves  a  set  of  second- 
order  differential  equations  of  the  form  that 
could  describe  a  vibrating  structure  ~ame- 
ly,  Mii  +  Kx  =  F(t),  where  x  s  ar 
m-dimensional  displacement  vector  for  m 
degrees  of  freedom.  M  is  a  mass  mat' /  K 
is  a  stiffness  matrix,  F(t)  represents  the  for- 
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Figure  2  The  Efficiency  at  the  Algorithm  is  particularly  high  for  complicated  problems,  as  in  the 
192-degree-of-freedom  vibrating-antenna  problem.  In  general,  the  efficiency  decreases  ■  ~ 
the  number  of  nodes  because  of  increased  internode  communication 
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cing  function,  and  t  =  time.  First,  the  equa- 
tions are  converted  to  2m  first-order  differ- 
ential equations  by  making  each  second 
derivative  into  an  additional  component  of 
the  first-derivative  vector.  The  first-order 
equations  are  solved  by  direct  numerical 
integration,  using  the  Runge-Kutta  method 
to  obtain  initial  values,  followed  by 
Hamming's  predictor/correlator  method 
(which  requires  half  as  much  internode 
broadcasting  of  results)  to  obtain  subse- 
quent values. 

An  intermediate  host  computer  serves 
as  the  communication  link  between  the 


hypercube  processors  and  the  outside 
world.  Only  node  0  has  a  direct  link  with  the 
host.  The  broadcasting  technique  used  in 
this  algorithm  reduces  the  hypercube  to  a 
two-dimensional  ring  (see  Figure  1).  When 
each  node  is  ready,  it  passes  its  portion  of  x 
to  its  neighbor  on  the  right  and  simultane- 
ously receives  from  its  neighbor  on  the  left. 
This  process  repeats  N  -  1  times  until  all 
nodes  contain  the  complete  vector  x. 

The  algorithm  has  been  tested  on  finite- 
element  models  of  a  vibrating  antenna  dish 
with  48  and  192  degrees  of  freedom.  As 
shown  in  Figure  2,  the  efficiency  of  the 


algorithm  (defined  as  the  actual  speedup 
factor  divided  by  the  number  of  nodes)  de- 
creases with  the  number  of  nodes.  This  is 
expected,  since  the  communication  time 
increases  with  the  number  of  nodes. 

This  work  was  done  by  Akiko  Hayashi  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-16148/TN 
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In-Vacuum  Dissociator  for  Atomic-Hydrogen  Masers 

Thermal  control  and  vacuum  sealing  is  achieved 
while  contamination  is  avoided. 


A  simple,  relatively  inexpensive  molecu- 
lar-hydrogen dissociator  (see  figure)  for 
atomic-hydrogen  masers  can  be  used  on 
Earth  or  in  the  vacuum  of  space.  No  air 
cooling  is  required,  and  the  absence  of 
elastomeric  O-ring  seals  prevents  conta- 
mination. 

The  dissociator  splits  hydrogen  mole- 
cules into  single  hydrogen  atoms  and 
launches  the  atoms  in  a  well-collimated 
beam  into  the  vacuum  system  of  the 
maser.  Heretofore,  the  dissociator  has 
been  the  most  troublesome  and  unreliable 
component  of  the  maser:  the  interior  sur- 
faces of  the  dissociator  have  been  prone  to 
contamination,  which  causes  the  atomic 
hydrogen  to  recombine,  and  to  overheat- 
ing by  dissipated  dissociation  energy. 

The  forced-air  cooling  normally  used  to 
control  the  dissociator  temperature  cannot 
be  used  in  the  vacuum  of  space  because 
such  an  arrangement  requires  a  hermeti- 
cally-sealed heat  exchanger  and  a  me- 
chanical blower.  Another  problem  has 
been  the  need  for  mechanically  strong, 
noncontaminating,  vacuum-tight  seals  be- 
tween the  glass  dissociator  enclosure  and 
the  metal  vacuum  system.  Glass-to-metal 
seals  are  bulky,  fragile,  and  subject  to 
stress  fracture.  Elastomer  seals  are 
sources  of  contamination  and  deteriorate 
with  age  and  upon  exposure  to  radiation. 

In  the  improved  dissociator  (see  figure), 
the  problem  of  thermal  control  and  vacu- 
um sealing  has  been  solved  by  placing  the 
dissociator  entirely  in  the  vacuum  system. 
The  metal  and  glass  parts  are  joined  simply 
by  polishing  the  two  mating  surfaces  and 
holding  them  together  with  moderate 
force:  there  is  no  need  for  a  vacuum-tight 
joint. 

The  hydrogen  gas  is  excited  via  a  3-turn 
coil  coaxially  surrounding  the  cylindrical 
glass  dissociator  envelope.  The  coil  is 
matched  to  a  50ohm  coaxial  transmission 
line  by  adding  a  O-to-15-pF  adjustable  ca- 


pacitor in  series  to  make  a  simple  series- 
resonant  circuit.  The  frequency  of  the  gen- 
erator and  the  capacitor  are  adjusted  to 


give  an  optimal  match  between  the  rarJo- 
frequency  power  generator  and  the  coil. 
Because  the  coil  is  not  in  contact  with 


In  the  In-Vacuum  Dissociator  for  atomic  hydrogen  masers.  hydrogen  gas  in  the  glass  dis- 
sociator Is  dissociated  by  a  radio-frequency  signal  transmitted  from  the  surrounding  3-tum 
coll.  Heat  in  the  glass  is  conducted  away  by  the  contacting  metal  surfaces. 
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the  glass,  the  heat  from  the  coil  is  dis- 
sipated to  the  metal  vacuum  envelope  via 
the  coaxial  feedthrough.  Heat  in  the  glass, 
resulting  partly  from  dielectric  loss  in  the 
glass  but  mostly  from  bombardment  by 
electrons  in  the  plasma,  is  conducted  to 
the  metal  vacuum  envelope  via  the  alumi- 
num mounting  structure  and  the  heavy 
copper  gas-inlet  line. 


The  operation  of  the  dissociator  re- 
quires less  than  5  W  of  radio-frequency 
power  at  an  excitation  frequency  of  about 
67  MHz.  Once  the  plasma  has  been  excit- 
ed, optimum  coupling  can  be  obtained  at  a 
slightly  lower  frequency  (approximately 
66.5  MHz),  owing  to  the  dielectric  loading 
of  the  plasma. 

This  work  was  done  by  Robert  F  C. 


Vessot  of  the  Smithsonian  Institution  for 
Marshall  Space  Right  Center.  No  fur- 
ther documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-26O07/TN 
George  C.  Marshall  Space 
Flight  Center 
Technology  Utilization  Officer: 
Ismail  Akbay 
Code  AT01 

Marshall  Space  Flight  Center, 
AL  36812 
(205)  544-2223 
Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight  Center, 
AL  35812 
(205)  544-0014 
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Two-Range  Electrical  Thermometer 

A  thermocouple  and  a  resistance  thermometer 
expand  the  thermometer  scale. 


A  temperature-monitoring  circuit  em- 
ploys two  types  of  sensors  so  that  it  can 
measure  over  two  temperature  ranges, 
covering  -450  to  2,800  °F  (-268  to 
1 ,538  °C).  A  platinum  resistance  tempera- 
ture detector  and  a  (platinum/rhodium)/ 
platinum  thermocouple  (Instrument  Soci- 
ety of  America  type  S)  are  included  in  the 
circuit. 

The  platinum  resistance  temperature 
detector  is  a  bridge  circuit  that  includes 
three  extension  wires  connected  to  the 
temperature-sensing  resistor  (see  figure). 
Ordinarily,  all  three  wires  are  made  of 
platinum.  In  the  new  circuit,  however,  one 
of  the  wires  is  made  of  an  alloy  of  plati- 
num with  10  percent  rhodium.  A  thermo- 
couple is  thus  formed  where  this  wire 
joins  one  end  of  the  temperature-sensing 
resistor.  Depending  on  the  temperature 
range  to  be  monitored,  a  switch  is  turned 
to  connect  either  the  bridge  circuit  or  the 
thermocouple  circuit. 


Thermocouple 

Temperature 

Meter 


The  Switch  Can  Be  Thrown  up  to  connect  a  platinum  resistance  temperature  detector  or 
down  to  connect  a  (platinum/rhodium)/platinum  thermocouple  to  a  meter.  The  thermocou- 
ple is  an  integral  part  of  the  platinum  resistance  temperature  detector  wiring. 


This  work  was  done  by  William  F. 
Bridges  of  United  Technologies  Corp.  for 
Marshall  Space  Flight  Center.  For  fur- 
Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 


be  addressed  to  the  Patent  Counsel.  Mar- 
shall Space  Flight  Center  Refer  to 
MFS-28145.  fTN 

George  C.  Marshall  Space 
Right  Center 

Technology  Utilization  Officer. 

Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight  Center. 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D  Wofford,  Jr 

Mail  Code  CC01 

Marshall  Space  Flight  Center. 

AL  35812 

(205)544-0014 
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Computer  Simulation  of 
Ablator  Charring 

Pyrolysis  effects  in  space- 
craft re-entry  shielding  are 
calculated. 


The  transient  response  of  a  thermal- 
protection  material  to  heat  applied  to  its 
surface  can  be  calculated  using  the  CHAP 
III  computer  program.  CHAP  III  can  be 
used  to  analyze  the  chemical  kinetics  of 
pyrolysis  gas  in  detail  and  examine  pyroly- 
sis reactions-in-depth.  The  analysis  in- 
cludes the  deposition  of  solid  products  pro- 
duced by  chemical  reactions  in  the  gas 
phase.  CHAP  III  uses  a  modeling  tech- 
nique that  can  approximate  a  wide  range 
of  ablation  problems. 

The  energy  equation  used  in  CHAP  III  in- 
corporates pyrolysis  (both  solid  and  gas 
reactions),  convection,  conduction,  stor- 
age, work,  kinetic  energy,  and  viscous  dis- 
sipation. The  chemically  reacting  compo- 
nents of  the  solid  are  allowed  to  vary  as  a 


function  of  position  and  time.  CHAP  III 
employs  a  finite-difference  method  to  ap- 
proximate the  energy  equations.  Input 
values  include  the  specific  heat,  thermal 
conductivity,  thermocouple  locations,  en- 
thalpy, heating  rates,  and  a  description  of 
the  chemical  reactions  expected.  The  out- 
put tabulates  the  temperature  at  locations 
throughout  the  ablator,  the  gas  flow  within 
the  solid,  the  density  of  the  solid,  the  weight 
of  pyrolysis  gases,  and  the  rate  of  carbon 
deposition.  A  sample  case  analyzes  sever- 
al pyrolysis  reactions  in  an  ablative  ma- 
terial subjected  to  an  environment  typical 
of  entry  at  lunar-return  velocity. 

CHAP  III  is  written  in  FORTRAN  IV  for 
batch  execution  and  has  been  implement- 
ed on  a  CDC  CYBER  170-series  computer 


operating  under  NOS  with  a  central- 
memory  requirement  of  approximately 
102K  (octal)  of  60-bit  words.  This  program 
was  made  available  to  the  public  in  1985. 
This  program  was  written  by  Columbus 
W.  Stroud,  Lona  M.  Howser,  and  Kay  L 
Brinkley  of  Langley  Research  Center. 
LAR-135Q2  /77V 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 

University  of  Georgia 

Athens,  GA  30602 

(404)  542-3265 
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Non-Intrusive  Measurement  of  D20/H20 
Percent  of  Heavy  Water  in  Drums 


Mole 


A  measurement  of  assaying  D^O  concentrations  of  D~0/H~0  in 
field  conditions  without  opening  the  drums.     The  metnod  aepem 


in  200  lit--:   drums  under 
>pening  rne  arums.      I  ne  mernoa  depends  upon  the  fact  tnut 
the  speed  of  sound  in    D«0/f-LO  mixtures  is  a  unique  function  of  mole  fraction  and 
temperature.     An  ultrasonic  signal  is  projected  diagonally  through  the  drum.     The 
time  for  return  determines  the  velocity.     The  velocity  depends  upon  the  couure  root 
of  the  ratio  of  the  bulk  modulus  to  the  density.     Since   the  instrument  can  oiso 
measure  water  level  and  the  weight  of  the  drum  can  be  readily  determined,  one  kr  q 
the  density  as  well  as  the  ratio  of  bulk  modulus  to  density.     Moreover,  one  cur. 
measure  the  change  of  velocity  with  temperature,  thus  confirming  rhat  wnat  is 
measured  is  heavy  water,  since  it  would  be  impossible  to  counter  feir   the  sp^ed  of 
sound,  the  density,  and  the  change  of  speed  of  sound  with  temperature. 

STAGE  OF  DEVELOPMENT 


A  finished  instrument  developed  with  the  aid  of  the  Panametiics  Company  was  j 
demonstrated  at  the  IAEA  in  Vienna  (April,   1986). 

APPLICATIONS 

Is  used  to  make  safeguards  and  nuclear  material  accountability  measurements.     This  i; 
the  only  non-intrusive  measurement  technique  that  does  not  require  bulky  equipment 
and  nuclear  sources.     Has  potential  for  use  in  the  measurement  of  well  defined 
liquids  in  sealed  containers  or  inaccessible  locations. 

PATENT  STATUS 


Not  Patented 


PUBLICATIONS 


A.  Fainberg,  M.S.  Zucker,  J.R.  Lemley,  E.V.  Weinstock,  Assay  ox   Heavy  Wat<  i    h 

Barrels  for  Safeguards  Purposes.     Proceedings  3rd  ESARDA  Symposium  on  Sateguoids  and 

Nuclear  Material  Management,   1981. 

M.S.  Zucker,  An  Ultrasonic  Method  for  Measurement  of  D«0/H~0 

Institute  of  Nuclear  Material  Management,  Proceedings,   21  st   Annua]   Meeting,    .  \MM, 

Palm  Beach,  Florida,  July   1980,  p.  51. 

M.S.  Zucker,  Current  Status  of  D-O  Assay  Using  Ultrasonic:-.     7th  E         {D  \   : 
Safeguards  and  Nuclear  Material  Management,  Liege,  Belgii  185. 

ADDITIONAL  INFORMATION 


W.  Marcuse,  Office  of  Research  and  Technology  Applications.  Brc  n  National 

Laboratory,  Upton,  New  York   11973.     Telephone  (516)  282-2103,  FTS  03. 
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Technique  for  Detecting  Gaseous  Impurities  in 
Silane 


SlLANE  GAS  (SlH/j)  IS  USED  IN  THE  ELECTRONICS  INDUSTRY  FOR  THE  DEPOSITION  OF  THIN 
LAYERS  OF  HIGH  PURITY  SILICON-  LARGE  QUANTITIES  WILL  BE  USED  IN  THE  FUTURE  IN  THE 
FABRICATION  OF  PHOTOVOLTAIC  DEVICES-  BOTH  APPLICATIONS  ARE  ENHANCED  BY  IMPROVED 
SILANE  PURITY-  A  TECHNIQUE  KNOWN  AS  MODULATED  MOLECULAR  BEAM  MASS  SPECTROMETRY  HAS 
BEEN  DEVELOPED  WHICH  CAN  DETECT  GASEOUS  IMPURITIES  IN  SILANE  WITH  A  SENSITIVITY  OF 
0-1  PART-PER-MILLION  (PPM)-  PREVIOUSLY  UNEXPLAINED  VARIATIONS  OF  THE  ELECTRONIC 
PROPERTIES  OF  HYDROGENATED  AMORPHOUS  SILICON  THIN. FILMS  WERE  FOUND  TO  BE  ATTRIBUTED 
TO  DIFFERENT  CHLOROSILANE  CONCENTRATIONS  IN  THE  SILANE-  THIS  TECHNIQUE  CAN  PROVIDE  A 
QUALITY  CONTROL  MEASUREMENT  OF  THE  PURITIES  OF  PROCESS  GASES-  THE  TECHNIQUE  HAS  ALSO 
BEEN  APPLIED  TO  THE  SEMICONDUCTOR  PROCESS  GASES  DISILANE  (S^HfOy  DICHLOROSILANE 
(SlCl2H2),  SILICON  TETRAFLUORIDE  (SlF/j),  GERMANE  (GeH(|),  DIBORANE  fl^Ffe),  ARGON  (Ar), 
AND  HYDROGEN  (!£)• 

STAGE  OF  DEVELOPMENT 

THE  TECHNIQUE  EXISTS  AND  IS  OPERATING  IN  A  LABORATORY  SETTING  AT  BML-   SEVERAL 
PHOTOVOLTAIC  DEVICE  MANUFACTURERS  HAVE  ALSO  ADOPTED  THE  TECHNIQUE  FOR  USE  IN  QUALITY 
CONTROL  OF  INCOMING  PROCESS  GASES- 

PATENT  STATUS 
None/Not  Necessary 

PUBLICATIONS 

R-  R-  CORDERMAN  AND  P-E-  VANIER  "  MASS  SPECTROMETRIC  STUDIES  OF  IMPURITIES  IN  SlLANE 
AND  THEIR  EFFECTS  ON  THE  ELECTRONIC  PROPERTIES  OF  HYDROGENATED  AMORPHOUS  SILICON,  J- 

of  Applied  Physics,  Vol-  54-  No-  7,  1983 

ADDITIONAL  INFORMATION 

W-  FIarcuse,  Office  of  Research  and  Technology  Applications,  Brookhaven  National 
Laboratory,  Upton,  Long  Island,  New  York  11973- 
Telephone:  (516)  282-2103,  FTS:  666-2103 
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Fast  Neutrons  Detected  in  a  Direct  One-Step 
Process  with  New  Device 


Scientists  at  Sandia  National  Laboratories  have  in- 
vented a  novel  device — an  organic  metal  neutron  detec- 
tor— that  allows  fast  neutrons  to  be  detected  in  a  direct 
one-step  process. 

The  detector  is  an  outgrowth  of  experiments  in  which 
the  scientists  discovered  that  certain  plastic  materials 
(polymers),  which  are  normally  very  poor  conductors  of 
electricity,  become  much  more  conductive  as  they  are 
bombarded  by  neutrons.  This  was  the  first  reported 
observation  of  neutron-induced  conductivity  in  an  or- 
ganic conductor. 

The  concept  even  holds  hope  for  a  detector  that  can 
"image"  neutrons,  creating  cross-sectional  images  of  neu- 
tron density. 

May  apply  to  nuclear  reactors 

Neutrons,  uncharged  particles  ( in  the  nucleus  of 
atoms,  are  released  in  a  wide  variety  of  nuclear  reactions, 
and  detectors  based  on  this  work  might  have  application 
in  monitoring  emissions  of  fast  neutrons  from  both 
present-day  fission  nuclear  reactors  and  from  future 
fusion-energy  reactors. 

The  detection  of  neutrons  is  normally  a  problem 
because  they  lack  charge  and  therefore  interact  weakly 
with  matter.  Most  neutron  detectors  use  a  material  that 
converts  the  neutrons  to  charged  particles  and  then 
detects  the  charged  particles. 

In  this  new  detector,  the  material  used  changes  in 
electrical  resistance  when  bombarded  by  neutrons.  Mea- 
surement of  the  resistance  change  is  thus  used  to  detect 
the  neutrons  directly.  The  resistance  change  is  perma- 
nent and  thus  the  device  would  behave  as  an  electrically 
readable  dosimeter  that  records  total  numbers  of  neu- 
trons per  square  centimeter,  or  fluence. 

Irradiation  boosts  conductivity 

The  detector  was  invented  by  Sandia  scientists 
Michael  A.  Butler  and  David  S.  Ginley.  The  feasibility 


ORGANIC   METAl — 

^ 

L=S> 

NEUTRONS 

^ 

METAL 
CONTACTS 

The  basic  organic  metal  neutron  detector  (left)  with  the  organic 
conductor  sandwiched  between  two  metal  contacts  Changes  in 
resistance  ol  the  organic  polymer  are  measured  at  the  two 
contacts  and  are  proportional  to  neutron  tluenco  At  right  is  a 
representation  ol  the  imagiru)  version  ot  the  neutron  detector 


was  demonstrated  in  laboratory  <  spenments  by  Butler 
Ginley,  and  James  W.  Bryson.  wlw,  found  that  the  elec- 
trical conductivity  of  the  conductive  organic  \x... 
polyacetylene  (CH),  can  be  dramatically  boosted  bv 
irradiating  it  with  neutrons.  The  in<  rease  in  conductivit> 
is  linearly  proportional  to  the  total  neutron  fluence 
wide  ranges. 

This  opened  the  way  to  a  neutron  detector  based  <>r 
measurement  of  electrical  conductivity  of  the  material 

Butler  and  Ginley  have  now  designed  -uch  a  device,  ar 
organic  metal  neutron  detector.  The  device  consists  oi 
thin   film   of  organic  conducting   polymer  sandw 
between  metal  electrodes  and  sealed   to  keep  out  air 
Electrical  contacts  are  applied  to  measure  changes  in  thr 
film's  electrical  conductivity. 

"From  a  "device  point  of  view,  we  think  it  will  have  1 
number  of  advantages,"  says  Hut  li  r    I  he  ability  to  <:■ 
neutrons  directly  and  the  permanent  \  itf  the  change! 
among  the  main  ones. 

Can  take  various  forms 

Another  unique  feature.  say-  Hulli  r.  is  its  thin.  fie*, 
hie  nature.  It  can  be  in  the  form    •'    >  flat  film,  a  rod.  .. 
sphere,  or  various  shapes    The  films  i  n   be  grown  to  larg. 
areas.   They   can   also   be  attached    In   one   another    I 
provide    extremely    large    cross  sectional    areas    where 
needed. 

In  addition,  a  grid  of  electrical  contacts  can  be  fitted 
at  different  sites  on  the  surfaci      i  the  film    Tht   . 
conductivity  at  each  site  can  Im    iiu  i-ured     This  would 
provide  a  cross-sectional  image  .■  eutron  fluenci 

with  high  spatial  resolution 

By  combining  these  features.  - 1\-  Butler,  "lar^ 
arrays  of  any  shape  could  be  made  lhal  could  image  tht 
intensity  of  fast  neutron  fluemt- 

Butler    and    Ginley    point    out    that    the    resolution 
achievable  in  such  an  image  is  limited  unl\  bv  the  state  nl 


ORGANIC    METAL 


CONTACTS 


MtTAi  s  r  a  IPS 


Choosing  a  vertical  metal  strip  on  one  side  and  a  so    :.- -*    * 
on  the  other  allows  a  measurement  ol  the  resistance  .      ~< 
where  the  two  contacts  cross    t5-.  $ar<v    "C  »■'  ooss  Jt.'i    « 
electrodes,  a  spatial  map  ol  the  resistance  in  tne  '  -  .-«-  :•♦ 
determined,  which  images  the  neutron  Muenc* 


NTIS  Tech  Notes   August  1987 


the  art  in  making  the  contacts.  The  organic  polymers 
provide  a  resolution  on  an  atomic  scale  since  one  neutron 
interacts  with  essentially  only  one  atom  in  the  polymer. 

Polymer  can  be  'developed' 

In  another  option,  the  polymer  that  has  been  exposed 
to  neutrons  can  be  "developed"  by  chemical  reaction  with 
a  reagent  that  selectively  binds  to  the  sites  that  have 
undergone  interaction  with  a  neutron.  Only  the  affected 
sites  would  undergo  the  reaction,  and  an  image  like  a 
photograph  appears  which  shows  a  cross  section  of  the 
beam  intensity. 

Another  advantage  of  the  system  is  ease  of  calibration. 
As  long  as  the  thickness  of  the  organic  polymer  in  the 
path  of  the  neutrons  is  known,  a  quantitative  calibration 
can  readily  be  performed.  The  thickness  is  directly  corre- 
lated with  the  known  density  of  hydrogen  (or  other 
neutron-sensitive  species)  in  the  polymer. 

The  physics  of  the  concept  depends  on  the  interaction 
between  neutrons  and  the  protons  in  the  conductive 
organic  polyer.  The  neutrons  kick  protons  out  of  the 
polymer  film,  leaving  behind  a  very  reactive  site,  and 
leading  to  2'ype  conductivity. 


Since  the  neutrons  must  break  the  chemical  bond 
holding  the  hydrogen  atoms  in  the  polymer,  there  is  a 
lower  limit  to  the  energy  of  neutrons  that  can  be  detect- 
ed. Thus  the  detector  is  sensitive  only  to  "fast"  neutrons 
(energy  of  10  electron-volts  or  greater)  and  will  not  react 
to  slow,  "thermal"  neutrons.  The  experiments  by  the 
Sandians  were  the  first  in  which  neutron-induced  con- 
ductivity in  an  organic  conductor  had  been  observed. 

An  application  for  a  patent  on  the  organic  metal 
neutron  detector  has  been  filed  in  Butler  and  Ginley's 
name  by  the  U.S.  Department  of  Energy. 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Dept.  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207. 

Refer  to  announcement  22,  No.2 
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Pressure  Transducer  Temperature 
Compensation  Technique 

This  technical  note  was  based  on  research  conducted  by  Idaho  National 
Engineering  Laboratory  for  the  U.S.  Department  of  Energy. 


DOE/TIC/EG-8e/158 
OFFICE  OF  SCIENTIFIC  AND 
TECHNICAL  INFORMATION 


INEk 

Idaho  National 

Engineering 

Laboratory 


A  data  reduction  technique  has  been 
developed  to  compensate  for  the  effects 
of  rapid  temperature  changes  in  a  pres- 
sure transducer  operating  at  17.24  MPa 
and  589  K.  This  technique  allows  for  pres- 
sure measurements,  with  an  uncertainty 
of  less  than  ±3%  of  full  scale,  to  be  made 
in  locations  where  the  media  temperature 
is  changing  several  hundred  degrees  in  a 
few  seconds. 

The  basic  design  of  the  transducer  con- 
sists of  a*strain  post  with  four  active  strain 
gages  as  the  sensing  element,  enclosed 
by  a  bellows  and  two  end  plates.  The  bel- 
lows eliminates  the  need  for  a  thin  dia- 
phragm and  allows  the  two  end  plates  to 
transfer  the  pressure  as  a  force  on  the 
strain  post. 

The  strain  post  is  made  of  1  7-4  PH  stain- 
less steel  and  is  designed  for  a  maximum 
deflection  of  0.025  mm  at  a  design  pres- 
sure of  20.68  MPa.  The  strain  gages  are 


bonded  to  the  strain  post  with  high-puniy 
aluminum  oxide  by  a  flame  spray  tech- 
nique. The  orientation  of  the  strain  gages 
on  the  strain  post  is  critical  in  minimizing 
temperature  effects. 

The  free  field  pressure  transducer  signal 
conditioning  is  a  constant-current  signal 
conditioner.  A  nulling-type  power  supply 
is  used  to  obtain  a  zero  reading  for  0  MPa. 
and  the  output  may  then  be  monitored  by 
any'  convenient  method  of  reading  d-c 
voltages. 

The  temperature  gradient  measured  at 
the  strain  post  depends  on  several  factors 
besides  the  temperature  of  the  medium 

(1)  Total  magnitude  of  the  temperature 
change  over  the  range  of  the  test 

(2)  Rate  of  change  of  the  medium 
temperature! 

(3)  Mounting  configuration  of  the  free- 
field  pressure  transducer 


FOR  ADDITIONAL 
INFORMATION 


DOE  report(s) 

Pressure  Transducer  Temperature  Compensation 

Technique. 

Report  number:  EGG-M-23084 1  NAB 

Order  number:  TI87000536/NAB 

Price:  $9.95 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


For  additional  information,  contact 
J.  M.  Welch 
EG&G  Idaho.  Inc 
P.O.  Box  1625 
Idaho  Falls.  ID  8341 5 
Telephone  No    (208)  526-8318 

or 

Robert  P  Evans 
EG&G  Idaho.  Inc 
PO  Box  1625 
Idaho  Falls.  ID  834 15 
Telephone  No    (208)  526-9597 


FFPT  schematic  diagram. 
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Water-Cooled 
Optical  Thermometer 

High  temperatures  are 
measured  without  contact. 

A  water-cooled  optical  probe  meas- 
ures the  temperature  of  a  nearby  radiat- 
ing object.  It  is  intended  primarily  for  use 
in  a  silicon-growing  furnace  for  measur- 
ing and  controlling  the  temperatures  of 
the  silicon  ribbon,  meniscus,  cartridge 
surfaces,  heaters,  or  other  parts. 

The  sensing  element  (see  figure)  is  a 
sapphire  tip  of  0.040  in.  (1.0  mm) 
diameter,  which  passes  the  radiation  to  a 
quartz  rod  of  the  same  diameter.  The 
radiation  travels  along  the  rod  into  a  bun- 
dle of  optical  fibers  that  conduct  it  to  a 
photodetector  circuit  for  measurement. 

A  flushing  gas  keeps  the  probe  tip 
clean.  This  is  important  in  the  reactive  en- 
vironment of  a  crystal-growing  furnace. 
The  flushing  gas  can  be  fed  through  a 
quartz  or  nickel  tube  surrounding  the 
quartz  rod  and  sensor  tip.  Alternatively  or 
in  addition,  the  gas  can  be  fed  to  the  tip 
through  a  narrow  tube  on  the  outside  of 
the  probe  body. 

The  probe  should  not  be  used  where 
the  thermal  mass  of  the  body  under 
observation  is  relatively  small.  This  is 
because  the  cooling  water  and  flushing 
gas  remove  heat  from  the  observed  sur- 
face. Preliminary  experiments  have 
shown  that  the  probe  should  be  placed  at 
least  2  mm  from  this  surface  to  reduce 
unwanted  cooling.  In  view  of  this  perturb- 
ing effect,  the  suitability  of  the  probe  must 
be  evaluated  for  each  application. 

This  work  was  done  by  Andrew  A. 
Menna  of  Mobil  Solar  Energy  Corp.  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-16492/TN 


To  Photodetector 


Cooling 
H20  Out' 


Nickel 
Tubing 


Quartz  Rod 
Polished  at 
Both  Ends 


Tip: 

Sapphire  Rod 

Polished  at 

Both  Ends 


Hot  Object 


Cooling  Water  and  Rushing  Gas  cool  the  fiber-optic  probe  and  keep  it  clean.  The  fiber  passes 
thermal  radiation  from  the  observed  surface  to  a  measuring  instrument. 

FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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823  Touch-Based  Display  for  Helicopter  Pilots  —  The  system 
proves  its  worth  in  flight. 

824  Multifunction  Sidearm  Flight  Controller  for  Helicopters  — 
Comfortable  controller  positions  are  evaluated  for  a  variety  of 
people. 

825  Easy-to-lnstall  Link  for  Track  Treads  —  Proposed  link  would 
save  assembly  and  maintenance  time.  (Licensing  Opportu- 
nity) 


MANUFACTURING  TECHNOLOGY  NOTE 

U.S.  ARMY  MATERIEL  COMMAND 

Deputy  Chief  of  Staff  for  Manufacturing  Technology,  Alexandria,  VA 


Project  Number:   NONE 


Filing  Code:  51A060 


Touch-Based  Display  for  Helicopter  Pilots 

The  system  proves  its  worth  in  flight. 


A  kinesthetic-tactual  display  employing  movable 
elements  in  a  pilot's  flight-control  handgrips  has 
been  demonstrated  and  evaluated  in  helicopter 
flight.  The  touch-based  display  can  substitute  for 
visual  displays  or  augment  them  in  useful  ways. 

In  the  evaluation  by  the  U.S.  Army  Engineering 
Laboratory,  flight-performance  data  were  collected 
to  compare  the  conventional  visual  display  condi- 
tions to  kinesthetic-tactual  conditions.  The  kines- 
thetic-tactual system  consisted  of  two  tactual  feed- 
back effectors  —  one  on  the  collective  control  and 
the  other  on  the  cyclic  control.  The  system  moni- 
tors the  helicopter  flight  parameters  and  provides 
the  necessary  control  signals  to  each  reflector  for 
the  pilot  to  feel. 

The  effectors  protrude  in  the  direction  the  con- 
trol is  to  be  moved  (see  figure),  and  the  magnitude 
of  the  protrusion  is  proportional  to  the  required  con- 
trol displacement  to  correct  the  error.  Because  the 
kinesthetic-tactual  system  does  not  have  effectors 
on  the  yaw  pedals,  correction  for  the  heading  was 
included  in  the  cyclic  control. 

Basic  in-flight  operability  of  the  display  concept 
predicted  by  laboratory  and  simulator  studies  was 
confirmed.  A  kinesthetic-tactual  display  can  be  in- 
tegrated into  a  helicopter  with  only  minor  modifica- 
tions to  the  aircraft.  Failure  of  the  kinesthetic- 
tactual  display  system  will  in  no  way  affect  the 
helicopter's  flight  controls. 


LEFTWARD  MOVEMENT 
REQUIRED 


RIGHTWARD  MOVEMENT 
REQUIRED 


The  pilot's  hand  senses  the  protrusion  of  a  Kinesthetic- 
Tactual  Effector  on  the  control  stick.  The  direction  o* 
the  protrusion  indicates  the  direction  of  stick  movement 
required,  and  the  magnitude  of  the  protrusion  indicates 
the  degree  of  correction  the  pilot  should  make 


FOR  ADDITIONAL  INFORMATION 

You  can  team  more  details  about  this  technology  by  ordering  the  NTiS  reports 
A  Helicopter  Flight  Evaluation  ol  Kjnesthetic  Tactual 
Displays.  An  Interim  Report 
Order  number  ADAI68302TNAA 
Price  code  A02 

Order  Irom 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Spnnglield,  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  US  Government  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  ol  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  tree  Irom  privately  owned  rights 
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Project  Number:  NONE 


Filing  Code:  51A061 


Multifunction  Sidearm  Flight  Controller 
for  Helicopters 

Comfortable  controller  positions  are 
evaluated  for  a  variety  of  people. 


Parameter 

X-  and  Y-Axes 

Z-Axis 

Torque  Around  Z 

Force  over  Linear  Range 

♦  20  lb 

♦  40  lb 

♦  60  in-lb 

Maximum  Allowed  Force 

♦  160  lb 

♦  528  lb 

+  1056  in-lb 

Sensitivity  ♦  10Z 

0.5  V/lb< 

0.25  V/lb 

0.17  v/in-lb 

Deflection  at  Maximum 
Operating  Force 

♦  0.4  in 

♦  0.1  in 

♦  4.0  deg/in-lb 

The  Controller  used  in  the  study  was  a  commercial  unit  having  the  characteristics  listed  here.  The  applied  force  and 
deflections  are  taken  at  a  point  4.25  in.  (10.80  cm)  above  the  center  of  the  transducers.  The  controller  was  tested  on  77 
subjects,  including  men  and  women,  left-  and  right-handers,  pilots  and  nonpilots,  with  and  without  protective  clothing. 


A  study  has  examined  the  anthropometric  fac- 
tors in  design  of  a  four-axis  sidearm  flight  controller. 
The  controller  combines  three  controls  in  one  — 
cyclic  stick,  collective  lever,  and  yaw  pedals  — 
and  should  reduce  a  helicopter  pilot's  workload  by 
freeing  the  left  hand  for  other  tasks.  The  controller 
is  made  possible  by  advances  in  fly-by-light  tech- 
nology, automatic  stability  systems,  and  onboard 
computers. 

The  main  objectives  of  the  study  by  the  U.S.  Ar- 
my Engineering  Laboratory  were  to  determine  the 
physical  location  of  the  flight  controller  and  armrest 
that  would  be  comfortable  in  a  static  situation  and 
to  determine  the  effects  of  protective  clothing  on 
the  location  parameters. 

The  controller  was  a  small-deflection-force  con- 
troller (see  table).  Both  the  armrest  and  the  con- 
troller could  be  adjusted  in  rotation  and  position 
with  respect  to  each  other  and  with  respect  to  the 
seat  reference  point.  A  nonforfitting  armrest  en- 
sured consistency  by  not  forcing  the  forearm  into  a 
particular  position. 


In  general  the  data  from  the  study  suggest  that 
the  classical  approach  of  providing  a  sidearm  con- 
troller that  is  orthogonal  to  the  axes  of  the  helicop- 
ter is  not  normally  selected  by  individuals  for  com- 
fort. Instead,  the  controller  must  be  angled 
significantly  forward  and  inboard  with  a  counter- 
clockwise rotation.  Protective  clothing  did  not  ex- 
pand or  shift  the  range  of  comfort  selected  by  the 
test  subjects. 

Project  officer  William  B.  DeBellis 
(301)  278-2822  or  AV  283-2822. 

FOR  ADDITIONAL  INFORMATION: 

You  can  learn  more  details  about  this  technology  by  ordering  the  NTIS  reportfs): 
Anthropometric  Considerations  tor  a  Four-Axis  Sidearm  Flight  Controller. 
Order  number:  AD-A168135/NAA 
Price  code:  A02 

Order  from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 


This  document  was  prepared  under  the  sponsorship  of  the  U.S.  Government.  Neither  the  United  States  Government  nor  any 
person  acting  on  behalf  of  the  United  States  Government  assumes  any  liability  resulting  from  the  use  of  the  information 
contained  in  this  document,  or  warrants  that  such  use  will  be  free  from  privately  owned  rights. 
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Licensing 
Opportunity 


Easy-to-lnstall  Link  for  Track  Treads 

Proposed  link  would  save  assembly  and  maintenance  time. 


R 


Link 


Rubber 

Fill 


Locking 
Clip 


>Pin 


Corners  Bent  Out 
of  Plane 


.Locking 
Clip 


Dual  Pins  on  a  Link  fit  Into  a  pair  of  holes  on  adjacent  tread  shells.  The  pins  are  secured  by  a  locking  clip  pressed  into  the  grooves 
pins. 


A  link  with  integral  tapered  pins  is  pro- 
posed as  a  means  of  joining  treads  on 
tracked  vehicles.  Unlike  the  links  now  in 
common  use,  the  new  links  would  not  re- 
quire a  tensioning  tool  for  installation  and 


would  not  be  subject  to  loosening  from 
shock  and  vibration  during  use. 

In  a  conventional  tread  connection, 
pins  project  from  the  treads.  A  conven- 
tional link  is  pushed  onto  a  pair  of  pins 


after  the  adjacent  treads  have  bee^ 
pulled  close  to  each  otner  by  a  tension- 
ing  tool.  The  link  is  locked  to  the  r>*^  T\ 
tightening  an  internal  boit  It  is  common 
practice  for  vehicle  operators  to  stop  fre- 
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quently  to  retighten  the  bolts  on  every 
link  ot  the  tread  track. 

In  the  new  link,  the  pins  would  be  part 
of  the  link  itself,  forged  with  it  or  joined  to 
it  by  welding  (see  figure).  When  the  pins 
are  driven  into  the  sleeves  in  the  tread 
shells,  their  tapered  ends  act  as  cams  to 
draw  the  track  tight  —  without  a  tension- 
ing tool.  When  the  pins  are  seated,  locking 
clips  are  pushed  down  into  the  tread  shell 
and  hammered  into  place  in  grooves  or 
notches  in  the  pins.  The  clips  are  de- 
formed in  the  process  and  hold  the  pins 


tightly.  One  end  of  a  clip  abuts  the  tread- 
shell  wall  and  is  therefore  prevented 
from  rotating  and  wearing  away  its  de- 
formed edges  and  the  groove  or  notch 
wall. 

Slots  at  the  top  of  the  shells  allow  ac- 
cess to  the  clips.  Clips  can  be  pried  loose 
through  the  slots  to  disassemble  the 
track.  The  disassembly  procedure  is  no 
faster  than  that  for  conventional  links. 
However,  assembly  is  much  faster  —  a 
few  blows  of  a  hammer  are  needed  in- 
stead of  many  turns  of  a  wrench.  More- 


over, the  work  time  and  vehicle  idle  time 
of  frequent  bolt  tightening  are  avoided. 

This  work  was  done  by  Earl  R.  Collins, 
Jr.,  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL    Refer  to 
NPO-16332. /TN 
Jet  Propulsion  Laboratory 
Technology  Utilization  Manager: 
Norman  L.  Chalfin 
Mail  Stop  201-110 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 
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A14throughA17. 
A1 8  through  A21  . 
A22throughA25.. 


$6.50 


9.95 
11.95 
13.95 
18.95 
24.95 
30.95 
36.95 
42.95 


A99 Call  for  price 

Customers  in  Canada,  United  States, 
and  Mexico  use  this  schedule.  Other 
addresses  should  write  for  the  price 
listing,  number  PR-360-4. 

Prices  effective  January  1 , 1 987 


City/State/Zip: 

Telephone  Number: 

METHOD  OF  PAYMENT 

LJ  Check  enclosed  payable  to  NTIS  for  $ . . . 
LI  Charge  to  my  NTIS  Deposit  Account,  No: 
D  Purchase  order  number: 


Charge  to'       G  American  Express        D  VISA     □   MasterCard 

Card  Number: 

Expation  date: 

Signature: 

(Required  to  validate  order) 

NTIS  ORDER  NUMBER   (Use  only  for  backup  reports  stated  as  available  from  NTIS) 

NTIS  Order  Number  Price'  Quantity  ~.  \:  r  .v 


Shipping  and  handling  fee 
Total 


$3 ;; 
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PENN  STATE  UNIVERSITY  LIBRARIES 


Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 
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Materials 


Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation 
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